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JOINT DEBRIDEMENT 


Surgical Treatment of Degenerative Arthritis 


PAUL B, MAGNUSON, M.D., F.A.C.S., Chicago, Illinois 


T has been assumed in general by the 
medical profession that a joint damaged 
as a result of any form of arthritis is be- 
yond help, except by the eradication of 

any possible foci of infection which might be 
found or the elimination of chemical disturb- 
ances of metabolism. Certainly chemical up- 
sets can be a contributing cause to the de- 
generative forms of arthritis,’ as can also be 
foci of infection. There can be no doubt, how- 
ever, that it occurs most frequently in joints 
which are subject to often-repeated small 
trauma. Bauer and Bennett” believe that 
“degenerative arthritis is the result of the wear 
and tear of increasing age and repeated trauma 
which may be caused in a variety of ways and 
that it is not the result of an inflammatory 
process, metabolic disturbance, or endocrine 
dysfunction.” Their studies tend to prove 
that trauma certainly has a definite effect on 
the production and continuance of cartilage 
degeneration. Key*® notes that several types 
of reaction in cartilage may result from the 
same type of injury, and calls attention to the 
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fact that, in his experimental work, “‘if two 
joints be subjected to practically identical op- 
erative procedures, one may return to a prac- 
tically normal condition and the defect may 
be healed by cartilage which approaches the 
normal articular cartilage, and there may be 
no reaction in the bone or joint except the 
deposition of a very small amount of sub- 
periosteal bone on the sides of the joint; 
while in the other joint a condition resembling 
severe hypertrophic arthritis may develop. In 
some cases animals developed a rather marked 
degree of arthritis in one knee, while the other 
knee which had been subjected to a practically 
identical operative procedure developed al- 
most no arthritis at all.” 

Our own experimental work, performed by 
Dr. O. H. Horrall and myself, to be reported 
at a later date, did show, however, a few 
constant characteristics of cartilage injury 
and healing. These are mentioned briefly 
here because the reactions correspond very 
closely to the pathological conditions found in 
various joints at the operating table in certain 
types of arthritis, which we considered due 
primarily to trauma, or trauma plus infection 
or toxemia which, added into a total, means 
the wear and tear of life. The trauma is often 
found in disalinement, overweight, or primary 
injury, and these in some cases may be the 
sole cause. 
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We have opened and inspected a total of 83 
joints in 72 patients suffering from various 
forms of arthritis, and it is from the experience 
gained in this series that this report is made. 
We consider in this paper, however, only one 
phase of the surgery of arthritis, and that is 
the reaction of cartilage in so called degenera- 
tive arthritis, and what may be accomplished 
by the removal of what, in our opinion, is one 
of the major causes of prolongation of symp- 
toms and disability in these patients. J” my 
opinion, often-re peated small trauma is the major 
cause in this form of orthritis, and this is based 
on our experimental work and the observation 
of joints at the operating table. 

The spectacular results that have been ob- 
tained by removal of rough and irritating ma- 
terial indicates that after the roughness has 
started it automatically continues and _ be- 
comes progressively worse as a result of this 
constantly increasing trauma caused by mo- 
tion and weight-bearing. 

In our experiments performed on dogs 
there were certain consistent reactions to 
trauma of cartilage which were very definite. 
First, cartilage which has been cut or broken 
away from its surroundings has no tendency 
to heal in from the sides as do epithelial sur- 
faces (Fig. 1). Therefore it would seem that 
cartilage once fractured would leave a perma- 
nent defect and rough spot. A cork-borer 
driven through the cartilage and underlying 
bone and a plug of bone and cartilage being re- 
moved, the underlying bone curetted out, and 
the plug countersunk below the level of the 
surrounding normal cartilage, the bone will 
heal entirely and be revascularized, while the 
defect will be obliterated completely in the 
course of go to 120 days. However, the out- 
line of the cartilage defect will remain. Al- 
though the cartilage which is countersunk be- 
low the level of the surrounding areas may 
build up to the level of the surrounding sur- 
face and be thicker from matrix to surface 
than the surrounding cartilage, the defect 
made by the cut through the cartilage cells 
will not heal laterally, and remains indefinitely 
as a cut or fissure (Fig. 2). 

The growth of cartilage takes place in 
straight columns from the matrix toward the 
surface, not laterally as does epithelium. If 


hyaline cartilage be stripped up from the sur- 
face parallel with the matrix, within a few 
weeks its character has changed from hyaline 
cartilage to fibrocartilage, which acts as 
stringy bands between the joint surfaces and 
consequently it becomes a mechanical irri- 
tant. If the cartilage has been traumatized 
beneath this area there is condensation of 
cartilage cells and nuclei which stain poorly. 
The columnar appearance of the cartilage 
cells disappears and eventually this surface be- 
comes rough and granular and continues the 
irritation of the joint on motion because of the 
degenerated rough substance within the joint. 

If an incision is made _ perpendicularly 
through the cartilage into the bone and then 
beneath the surface of the cartilage a Y-cut is 
brought out practically parallel to the matrix, 
so that the outer surface of the cartilage is cut 
off from the matrix lying beneath (Fig. 4), the 
cartilage cells distal to this horizontal incision 
show condensation of nuclei, with poor staining 
as far back as the cut extends, and this area 
ultimately degenerates into fibrocartilage and 
everts into the joint, forming a rough area. 
This same degeneration is seen whenever there 
is interference with the nourishment of cartilage 
cells, and occurs regularly and consistently if 
the matrix is damaged or its source of supply 
is cut off. However, if the cartilage is com- 
pletely gouged out, including the matrix and 
into the underlying bone, leaving a cup-shaped 
area, there is no tendency toward regenera- 
tion. The defect is filled in somewhat by fi- 
brous tissue; the margins of cartilage on each 
side of the defect, if not injured, will retain 
their normal hyaline character, but if injured 
will degenerate into fibrocartilage or fibrous 
tissue and form rough areas around the mar- 
gin of the defect (Fig. 5). The gouged out 
area does not act as an irritant, apparently, 
because the cartilage on the opposing surface 
of the joint seems to give no evidence of irri- 
tation, but where the opposing surface comes 
in contact with the rough areas along the edge 
of the defect there is roughening of the carti- 
lage and gradual degeneration. 

The production of these injuries to carti- 
lage, however, did not result in the occurrence 
of typical findings of degenerative arthritis. 
There was no building up of periosteal bone 
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Fig. 1. 


around the edges of the joints. The reaction 
was confined entirely to the cartilage and was 
apparently local. 

Many other experiments were tried to pro- 
duce the joint pathology so often seen in the 
human. These included the injection of irri- 
tating chemicals, injection of bacterial toxins, 
severe trauma to cartilage over a wide surface 
of the joint, and the introduction of foreign 
bodies. So far as. we were able to determine 
all these things were irritating factors and 
produced in some cases pain or joint irritation, 
but did not produce proliferation of bone and 
broader degeneration of cartilage in areas 
other than those immediately involved. We 
were able to produce the typical picture of de- 
generative arthritis in only one way, and that 
was by allowing the animal to subject the 
joint to often-repeated slight trauma. This 
was done by cutting away the medial and 








Fig. 3. 


crucial ligaments of the knee and allowing the 
animal free range of exercise. Those dogs, 
which were kept in the confinement of the 
ordinary cage, did not show proliferation of 
bone or degeneration of cartilage in the experi- 
mental joint. It was only by permitting free 
exercise in ample space which allowed the un- 
stable joint to sustain cross strain constantly, 
that the exostoses around the edge of the joint 
appeared. In animals so treated there was 
deposition of subperiosteal bone around the 
edge of the joint, which began to appear in 
about 3 months and in from 6 to 9 months 
produced typical exostoses such as are seen in 
hypertrophic or degenerative types of arthri- 
tis. These exostoses appeared before any con- 
siderable amount of degeneration of cartilage 
was observed on the surface of the joint, even 





Fig. 4. 
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Fig. 5. 


on the weight-bearing surfaces where one 
would naturally assume that most of the 
trauma occurred in walking and running 
(Fig. 6). 

The cause of the proliferation of bone around 
the edges of these joints which are constantly 
traumatized is unknown, and has remained 
unexplained by all the authors on this subject, 
and is still unexplained so far as Iam concerned. 
It would seem to be an effort to throw up an 
abutment and limit the motion of the joint, 
because it occurs most frequently on the 
lateral margin, which would have a tendency 
to widen and flatten the joint in order to pro- 
duce more stability. It is the blocking and irri- 
tation of the joint caused by these exostoses 
that, in the human, not infrequently makes it 
impossible to extend the joint fully, and in my 
opinion this is one of the causes of prolonging 
and aggravating the already existing symp- 
toms. When motion of the joint is limited, the 
patient continues to make it function as much 
as possible, in an abnormal position which 
throws further cross strain on the joint and 
continues the pain and aggravates the dis- 
ability purely by mechanical irritation. 

It was on this theory that the procedure to 
be described was developed. There have been 
83 patients operated on for various types of 
arthritis, 62 of whom have had the degenera- 
tive or hypertrophic form of arthritis. Sixty 
of the 62 have made a complete recovery from 
their symptoms.’ In this report there are con- 
sidered only cases of the degenerative form 
which has been commonly called hyper- 
trophic arthritis. It is difficult to say which of 
them had contributing causes. In 7 cases in- 
fections were found and eliminated prior to 


1Inthe 2 cases which are classed as unsuccessful the patients were not 
co-operative in straightening the joints or taking their exercises. Neither 
case remained in the hospital nor under my immediate control, and the 
flexion deformity occurred because of incomplete after-treatment. 





Fig. 6. 


operation. In 4 there was evidence of chemical 
or metabolic disturbance, and in 51 there were 
no findings except those locally in the joint. 
In all cases operation was performed because 
other forms of treatment did not give relief — 
heat, counterirritation, rest with traction, 
stimulation of metabolism, change in diet, and 
the like, had all been tried. Therefore, with 
the idea that the mechanical roughness of the 
joint was the primary factor in continuance of 
the symptoms and disability, operation was 
performed. We believed that the roughness 
within the joint was responsible for the gradual 
building up of joint obstruction in the form of 
rough surfaces and exostoses around the mar- 
gin and that the synovial membrane was not 
in any way responsible for the symptoms or 
the continuance of the symptoms. 

The pathological process found in the cases 
which were proved to have possible infectious 
or toxic conditions did not differ from that 
found in those which were believed to be 











imen of traumatic arthritis. 
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Fig. 7. 


purely traumatic in origin. In 12 cases the 
procedure to be described has been done on 
two corresponding joints in the same patient, 
and in this group the joints have remained 
free from symptoms to this date. At this date 
the time since operation varies from 16 years 
to 6 months, which would indicate that the 
symptoms do not return after the removal of 
what is believed to be the aggravating cause, 
namely, roughness within the joint. 

There are two forms of degenerative change 
encountered. One is a surface roughening of 
hyaline cartilage (Fig. 7) beneath which, in 
the earlier stages, is found normal hyaline 
cartilage. This degeneration starts apparently 
from the surface and progresses toward the 
matrix. In the earlier stages this rough surface 
can be removed, leaving a layer of normal 
hyaline cartilage covering the ends of the bone. 
The defect will be filled by growth of the carti- 
lage cells and a smooth normal joint will re- 
main. The regeneration of normal cartilage 
depends upon the integrity of the matrix and 
the viability of the cells underlying the degen- 
erated area. If the whole thickness of cartilage 
has not been involved one may expect to re- 
store practically a normal joint. If-the degen- 
cration has progressed down to the matrix, the 





Fig. 8. 


surface of the joint will be covered by fibrocar- 
tilage after the degenerated hyaline cartilage 
has been removed, but this seems to serve as 
quite a useful friction-preventing covering for 
the underlying bone, much as does the fibrous 
tissue which forms around the ends of old 
ununited fragments in a fracture. 

Another type of degeneration apparently 
starts at the matrix and works in the opposite 
direction. On the surface of an apparently 
normal area there will be seen a little blister, 
sometimes so insignificant that unless the 
light falls obliquely the eye will not catch it, 
although the moist gloved finger may feel a 
slight elevation of the surface (Fig. 9). If a 
horizontal slice is removed from the surface, 
including this blister at about the center, 
there will be found beneath the surface a de- 
generated area (Fig. 10) with normal hyaline 
cartilage surrounding it. Usually there is a 
little discoloration at one side with indication 
of a fissure or breakdown of cartilage like the 
handle of a dipper extending from the end. 
This area, when sectioned for microscopic ex- 
amination, shows small, poorly-staining, ir- 
regular layers of hyaline cartilage with con- 
densation of nuclei, fibrous tissue irregularly 
interspaced, and a mucoid material filling 
some of the spaces (Fig. 8). In the same joint 
other areas are found which are apparently 
a continuation and advancement of the same 
process. Fissures are seen in the surface of 
the joint surrounded by irregular, roughened, 
mottled and loose cartilage. Stringy fibrous 
degeneration with yellowish discoloration is 
noted in some areas, with tendrils of fibrous 
tissue attached at their base to the degenerated 
cartilage, and these areas are surrounded by 
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perfectly normal hyaline cartilage, the de- 
generation near the rough area gradually fading 
into normal hyaline cells (Fig. 11). The han- 
dle of a scalpel may be dropped into a fissure 
in the center of this degenerated area, and it 
will be noted that the edges overhang and the 
degeneration widens as it approaches the ma- 
trix, being somewhat pyramidal in shape. Un- 
derlying the fissure no normal cartilage cells 
are found. The fissure extends completely 
through to the bone (Fig. 12). 

The cause or causes of these two types of 
degeneration are unknown. Further experi- 
mental work is in progress in an effort to de- 
termine the causative factors. Apparently 
when either type progresses to a sufficient de- 
gree the entire joint becomes eroded, and the 
finale is the same in both types, although prog- 
ress is most rapid on the weight-bearing sur- 
faces. At least in the earlier stages, it is prac- 
tically always confined to weight-bearing or 
most frequently traumatized surfaces: in the 
elbow, the upper end of the ulna, the olecranon; 
in the hip, the upper end of the femur, the 
head; in the knee, the lower end of the femur; 
and in the ankle, the lower end of the tibia. 
The greatesi degeneration is noted over the 
areas which receive the greatest trauma in 
performing the function of the joint. If there 
is disalinement of the joint as a result of frac- 
ture or faulty growth, the degenerated areas 
are most frequently found on the side of the 
joint where the greatest pressure occurs (Fig. 
13). In this series of cases there are 11 hips, 
8 elbows, 41 knees and 2 ankles. 

The hip. 1 am at a loss to explain why the 
greatest degeneration occurs at the head of 
the femur on the weight-bearing surface in- 
stead of within the acetabulum, but uniformly 
we have found the cartilage much more rough- 
ened and degenerated on the head of the femur 
than in the acetabulum. The exostoses appear 
around the head and extend down into the 
neck. Exostoses develop also around the ace- 
tabulum as the condition progresses, and the 
acetabular lip in some cases becomes calcified, 
deepening the socket and taking a firm grip 
of the usually broadened head, which limits 
abduction, rotation, and extension. In these 
cases will be found an adduction-flexion de- 
formity which is more or less fixed. The 


exostoses around the head usually extend 
down onto the neck and thicken it, and in the 
x-ray film it gives the appearance of a short- 
ened neck. This type is found frequently in 
Perthes’ disease which has been arrested in 
youth, or in slipped epiphysis which has healed 
and borne weight for a number of years. The 
thorough removal of the overhanging ace- 
tabular lip and the removal of the edges of the 
broadened head and the exostoses extending 
down onto the neck will allow the leg to be 
brought into abduction. At the time of opera- 
tion the head can be rotated out of the ace- 
tabulum sufficiently by adduction and internal 
and external rotation to remove the roughened 
cartilage of the weight-bearing surface. Oc- 
casionally small foreign bodies will be found, 
either free or attached to a pedicle lying along 
the edge of the joint, which are sucked into the 
joint on certain movements and give acute 
pain and locking, as they do in any other 
joint. Although we have found these bodies 
in three hips, there was no evidence of them 
in the x-ray films, which were of good diagnos- 
tic quality. The x-ray films were examined 
subsequent to operation when it was known 
where the foreign bodies were located, and 
even then they could not be seen. 

The elbow. In the elbow the mechanics of 
weight-bearing are reversed and, except in 
pugilists who traumatize their elbows severely 
in their occupation, we have found most of 
the degeneration on the articular surface of 
the ulna, particularly around the proximal 
two-thirds of the joint surface of the olecranon, 
with exostoses around the posterior edges of 
the lower end of the humerus where it comes 
in contact with the olecranon. 

In the exposure of the elbow, it has been 
found that cutting the olecranon off, well 
down toward the joint, directing the chisel to- 
ward the lower and somewhat anterior sur- 
face of the humerus, which removes the upper 
end of the ulna completely so that it can be 
reflected backward and upward, gives the 
best exposure. If the anterior two-thirds or 
three-fourths of the ulnar articulation is left 
in contact with the lower end of the humerus, 
it is difficult to inspect the lower end of this 
bone far enough anteriorly to be sure the 
exostoses and joint surfaces are properly 
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cleared off. The olecranon, therefore, has at- 
tached to it about 50 per cent of the articu- 
lating surface of the upper end of the ulna, 
and when it is replaced it fits around anteri- 
orly, serving as a grip on the lower end of the 
humerus, and this fragment of the upper end 
of the ulna is not as easily displaced as when 
the olecranon is taken off as such. In one pa- 
tient, an enthusiastic bowler, the cartilage had 
entirely degenerated in a strip completely 
across the olecranon from side to side, and 
there was a fine sharp edge along both sides of 
the olecranon, extending down to the ulna, 
which was actually sawing the synovial mem- 
brane. The patient had intermittent swelling 
and locking of the joint, not acutely as in a 
foreign body, but coming on over a period of 
an hour or so after the attack occurred. Blood 
was found in the joint and the synovial mem- 
brane was lacerated on both sides. The pa- 
tient made a complete recovery after the re- 
moval of the rough cartilage and the sharp 
edges along the sides of the olecranon. 

The knee. Inasmuch as knees have been the 
joints most frequently affected, the operative 
procedure is described in detail. It has been 
our experience that if this procedure is carried 
out in other joints the results will be the same, 
provided the cases are carefully selected. 

A medial parapatellar incision is made from 
the medial edge of the attachment of the 
patellar tendon at the tibia to about 3 inches 
above the patella, the medial half of the 
quadriceps being cut from its patellar attach- 
ment and split longitudinally. The patella is 
retracted laterally as the knee is flexed, thus 
exposing the entire anterior and inferior sur- 
face of the lower end of the femur and part of 
the upper surface of the tibia. The joint sur- 
faces are well exposed, as is the articular sur- 
face of the patella (Fig. 14). A sharp, thin 
bladed chisel is used to remove the exostoses 
from both condyles with the edge of the 
synovial membrane attached. In some cases 
the synovial membrane is slightly overhang- 
ing but not adherent to the joint surfaces, as 
is found in the atrophic form of arthritis. The 
cartilage on the condyles is then shaved. Care 
must be taken not to leave any transverse 
ridges such as shown in Figure 15. If ridges 
are left they should be longitudinal so they 


will act as tracks on which the opposite side 
of the joint can glide, and not as obstructions 
in the plane of motion. All degenerated carti- 
lage is removed down to bare bone. In old 
cases the patella is found to be widened, the 
cartilage very thin, yellowish and granular on 
both the lower end of the femur and the articu- 
lar surface of the patella. The patella must be 
narrowed so that it will slide between the 
condyles without obstruction, and a com- 
parison of Figures 15 and 16 will show the 
amount of narrowing, sometimes as much as 
50 per cent, that will make a useful joint. In 
this illustration the patella is cut off square to 
emphasize the amount of lateral margin re- 
maining. These sharp corners, of course, are 
removed before the joint is closed, as are also 
the sharp edges which in themselves would act 
as irritants (Fig. 16). 

The fibrous degeneration is seen most plainly 
in the earlier stages of the disease (Fig. 17). 
This fibrous degeneration is completely cut 
away, leaving all the healthy cartilage possi- 
ble, but allowing no rough surfaces to come 
in contact (Fig. 18). In the earlier stages the 
joint margins are not found to be inflamed as 
they may be in the later stages. They are 
covered with thin fibrocartilage and hyaline 
cartilage, and have a pinkish blush without 
the extremely engorged appearance of the 
later cases (Fig. 19). 

The upper end of the tibia is explored and 
if any rough cartilage exists it is removed. 
The menisci are examined and removed if they 
are degenerated. This has not been found in 
most instances, but in three joints rather 
sharp exostoses were found extending from 
the upper end of the tibia, which protruded 
upward and impinged against the condyles of 
the femur when the knee came into full exten- 
sion (Fig. 20). 

When all roughness has been removed from 
the surface of the condyles, the margins of the 
condyles and the articular surface of the patella 
and upper end of the tibia, the operation is 
complete, and not until that time is it com- 
plete. The success of the procedure depends 
on the complete removal of all mechanical 
irritants from the joints. No halfway pro- 
cedure will give a satisfactory result, in my 
experience. 





The synovia is sutured, plain No. oo catgut 
interrupted sutures being used. The ligament 
is sutured in the same manner, and the skin 
with continuous dermal sutures. Pressure 
dressings are applied, two laparotomy pads 
on the flexor surface and two on the extensor 
surface, with a non-rubber elastic bandage 
applied snugly over them. This is reinforced 
by another laparotomy pad over the same 
area and a firm gauze bandage over all. 
Buck’s extension below the knee, to which 6 
to 8 pounds of weight is applied when the pa- 
tient is returned to bed, sometimes adds to 
his comfort for the first few days. The first 
compression is removed in 36 hours, the sec- 
ond in 72 hours, and comparatively little 
swelling is found within the joint. 

In operation on other joints similar com- 
pression is used, put on in a way to maintain 
strong pressure without interfering with cir- 
culation. 

AFTER-TREATMENT 

Motion is started on the fourth day. Mus- 
cle exercise is of prime importance. The pa- 
tient should be required to use the muscles 
both in flexion and extension and it has been 
found helpful to synchronize the use of the 
muscles on both extremities, moving the un- 
affected limb at the same time that effort is 
made to move the affected one. This must be 
done regularly and consistently. Assisted mo- 
tior is very slow and steady. In the knee it 
has been our custom to build the flexion up by 
inserting laparotomy pads one at a time be- 
tween the mattress and the flexor surface of 
the joint; up to 45 degrees during the first 
week after motion is started, gradually in- 
creasing each day. Pads are inserted for one 
hour and removed during the next, always 
one at a time. 

If it is a weight-bearing joint, the patient 
is put on his feet on the eighth to tenth day 
following operation. Prior to this it should 
be possible for the patient to completely 
straighten the knee or hip. Too much im- 
portance cannot be attached to this point. 
No pain is caused if the weight falls in the 
right line, but if there is slight flexion of the 
joint the soft tissues surrounding the joint, 
which are painful and tender, will be strained, 
the patient will have acute pain and will not 
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rest weight on the joint because of fear of 
pain, once it has occurred. It has been my 
custom to assist the patient out of bed and 
while he is sitting on the edge of the bed, or 
leaning against it, get the joints in proper 
weight-bearing line. I then stand behind the 
patient, supporting the elbows and forearms 
on my arms and forearms. The patient is re- 
quested to hold his chest up, tail in, knees back 
and hips straight. It is easier to do this 
standing behind the patient, supporting him 
strongly, than to stand in front of him or 
allow him to use crutches, under which cir- 
cumstances he always has a tendency to bend 
forward. If the patient is straight, his joints 
are in proper weight-bearing line and he will 
not have pain. 

The first day’s lesson is in standing only. 
He is assisted into bed without causing pain. 
On the second day, in the same position and 
with the same support, he is encouraged to 
take two or three steps, the surgeon being 
sure that the patient does not lean forward as 
he would were he using crutches or being sup- 
ported from in front. He walks with the knees 
stiff and the hips stiff until he finds he can 
bear weight confidently and then each day 
with trained assistants or, preferably, the sur- 
geon himself acting as support and instructor, 
the patient begins to walk. He is never al- 
lowed to limp, moves one foot forward evenly 
with the other. The assistant stands back of 
him, supporting his weight and insisting that 
the body move forward smoothly and evenly 
as in normal walking. These patients are 
never given crutches, but are allowed to use 
two canes, with the upper end of the cane and 
the hand held firmly against the thigh, chest 
up, hips straight, knees back, tail in. The 
lessons are given each day until the patient 
has confidence that he can bear weight, and 
he will have no pain when he does bear weight. 

It is a good plan before the patient begins 
the walking exercises to have assisted motion 
while in bed. In the case of the knee, the pa- 
tient may sit on the side of the bed with the 
leg hanging over the side, the heel supported 
in the palm of the surgeon’s hand, and be in- 
structed carefully in muscle contraction and 
relaxation, so that he may see the knee move 
under his own power and see the muscles 
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work. In the case of the hip, a sling is put 
under the knee and a rope attached to this 
sling is run up over a pulley on a frame and 
terminates in a handle which the patient can 
grasp and give himself assisted motion. It is 
important that the hip and knee come into full 
extension after each flexion, and they will not 
do this if they are simply allowed to come in 
contact with the mattress; the body sinks into 
the mattress at the hip level, consequently 
there is slight flexion of the hip and, as a re- 
sult, slight flexion of the knee. Therefore it 
is necessary to turn the patient into a prone 
position several times a day and see that the 
affected weight-bearing joint comes into full 
extension. 

Gentle rhythmic massage is given daily, as 
is also muscle training. Heat is helpful in any 
form chosen, and for a substantial part of 
every 24 hours. No force is used at any time 
on these joints. If these procedures are care- 
fully followed, it is perfectly astonishing how 
soon the patient will have 90 degrees of mo- 
tion and full power in the joint. Too much 
emphasis cannot be put on careful supervision 
of after-treatment. 

SUMMARY 

Degenerative arthritis is probably the re- 
sult of often repeated small trauma. It may 
be aggravated by low-grade infection or 
chemical and metabolic toxemia. Once rough- 
ening in the joints is established, the mechani- 
cal irritation of this roughening is sufficient 


cause for prolongation of symptoms and dis- 
ability. 


Degenerative arthritis is a disease of the 
latter part of three score years and ten, and 
has been said to be the result of the wear and 
tear of life. In my opinion this is true, but we 
have not given sufficient consideration to the 
factors which cause the wear and tear, which 
should be eliminated if possible before surgi- 
cal treatment is instituted. 

Thorough removal of all mechanical irri- 
tating products of joint degeneration will, in 
a large percentage of cases, render the patient 
symptom free. Even when the degenerative 
process has progressed to a point at which 
there is practically no healthy cartilage, the 
operative procedure described herein will re- 
sult in remarkably good joint function. The 
denuded areas are covered with fibrocartilage 
which serves as a satisfactory substitute for 
hyaline cartilage in the advanced cases, and 
in the less advanced cases the progress of the 
disease is stopped, or at least long delayed, by 
the removal of mechanical irritants. 

Removal of the synovia has not been found 
necessary and has been done only in some 
cases of atrophic arthritis which are not re- 
ported in this paper. 

The selection of patients and the after- 
treatment are as important as the operation 
itself. If the patient is not willing to help, 
the operation had better be left undone. 

The picture of hypertrophic or degenerative 
arthritis as seen at the operating table in vari- 
ous stages of development is synonymous 
with the findings produced in animals by 
often-repeated small trauma of an unstable or 
constantly traumatized joint. 





EFFECT OF STORED CITRATED BLOOD TRANSFUSIONS 
UPON PATIENTS WITH HYPOPROTHROMBINEMIA 


JOHN E. KARABIN, M.S., M.D., HERBERT UDESKY, M.D., LINDON SEED, MLS., M.D., 
Chicago, Illinois 


ITRATED stored blood for trans- 
fusions is useful when given to pa- 
tients with a hypoprothrombinemia. 
In certain instances a marked im- 

provement in the plasma prothrombin level 
may be reached. However, since the intro- 
duction of synthetic compounds with vitamin 
K activity which have been used to correct an 
existent hypoprothrombinemia in patients, it 
has not been necessary to depend upon blood 
transfusions to improve the plasma prothrom- 
bin level to combat any tendency toward 
bleeding. 

A number of reports have been published 
concerning the prothrombin content of stored 
citrated blood. Lord and Pastore reported 
that the prothrombin content of stored blood 
was relatively little diminished. They used 
the method of Warner, Brinkhous, and Smith 
for their determinations of prothrombin clot- 
ting time. However, Rhoads and_ Panzer, 
using a modified Quick method, found that 
the prothrombin content of stored citrated 
blood rapidly decreased so that by the seventh 
day of storage the blood was of little value 
for its prot. rombin content. Ziegler, Oster- 
berg, and Hovig also studied the prothrombin 
content of stored blood and found that the de- 
crease in the prothrombin content was gradual 
and not as rapid as that found by Rhoads and 
Panzer. They concluded that old blood was 
not suitable for raising the plasma prothrom- 
bin by transfusion. However, no specific 
optimum time was given. Their specimens 
were studied over a period of 36 days, which 
is much longer than one preserves citrated 
blood for transfusion.! Usually blood older 
than 10 days is considered not desirable for 
transfusion. They found that after 12 days of 
storage the prothrombin varied from 60 to 80 


From the Department of Surgery, University of Illinois Col- 
lege of Medicine and Cook County Hospital. 

1Blood for transfusion is not used after 10 days of storage at 
the Cook County Hospital. 


per cent of its original amount. Quick studied 
preserved blood and concluded that the pro- 
thrombin diminishes rapidly within 24 hours. 
He supported the conclusion of Rhoads and 
Panzer in that stored blood was inferior to 
fresh blood for controlling bleeding in jaun- 
dice. Reinhold, Valentine, and Ferguson 
studied the effect of storage on the prothrom- 
bin content of citrated blood and found that 
the level gradually decreased, thus supporting 
the original contention. They defended the 
use of stored blood as transfusions for pro- 
thrombin deficiency but proposed the facts 
that the relative amount of prothrombin in 
500 cubic centimeters of blood compared to 
the total in the body was small. Thus any 
transfusion, even if it were fresh, would raise 
the prothrombin level only slightly. How- 
ever, the value of transfusions in patients with 
bleeding should not be underestimated. 

The literature contains no clinical evidence 
to prove or disprove the value of stored citrat- 
ed blood as a source of prothrombin for pa- 
tients with a hypoprothrombinemia. Thus 
patients with low plasma prothrombin levels 
were given transfusions of blood varying in 
age, and the effect was noted. 


PROTHROMBIN CONTENT OF STORED 
CITRATED BLOOD 


Seventeen specimens of stored citrated 
blood were studied over a period of 10 days for 
their prothrombin content.? The prothrom- 
bin time for the donor and the specimen of 
blood immediately after citration was found 
to be the same in every instance. The plasma 
prothrombin levels for each specimen were 
recorded daily (Chart 1); by the tenth day 
of storage the plasma prothrombin level in 


2Method of determination of the plasma prothrombin used was 
the Smith test. The results were recorded in percentage of nor 
mal plasma prothrombin time. The specimens were stored and 
citrated under the same conditions and with the same propor- 
tions of citrate as used in preparation of blood for transfusion in 
th: Cook County Hospital blood bank. 
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the 17 specimens studied averaged 54 per cent 
of the normal level. 


EFFECT OF THE INTRAVENOUS INJECTION OF 
SODIUM CITRATE UPON NORMAL PLASMA 
PROTHROMBIN LEVELS 


Six patients were given 70 cubic centimeters 
of 2.5 per cent solution of sodium citrate! in- 
travenously and the effect was noted upon the 
normal plasma prothrombin level. After the 
administration of the citrate, 4 patients 
showed no immediate change in the plasma 
prothrombin (Table I). One patient in this 
group had a slight drop in the level after 36 
hours. Patient E. Mc. had an immediate drop 
which returned to normal within 12 hours. 
One patient, F. C., had a slight rise. Recov- 
ery was rapid and no ill effects were noted in 
any of the patients studied. It was concluded 
that any effects on the prothrombin clotting 
time which occurred after transfusion with 
citrated blood were not due to the citrate used. 


EFFECT OF CITRATED STORED BLOOD UPON 
PATIENTS WITH A HYPOPROTHROMBINEMIA 
(TABLE IT) 


One patient received a blood transfusion of 
blood which had been stored for 1 day. Before 
the transfusion the plasma prothrombin level 
was 66 per cent; immediately after the trans- 
fusion it was 70 per cent. In 12 and 24 hours 
the level was 100 per cent. After 36 hours it 
dropped to 79 per cent. The effect noted was 
good. 

Six patients received transfusions of 2 day 
old blood. Two patients, W. McK. and E.G., 
showed a definite rise in the plasma prothrom- 
bin. One patient, J. F., had an immediate 
drop which returned to the initial level within 
12 hours. Another patient, B. P., showed a 
drop which remained until 36 hours after 
transfusion, when there was a rise above the 
initial level. Patient P. S. showed no change 
until after 36 hours when the level reached 
normal. Since the patient was improving 
from her disease, we considered the rise as due 
to the patient’s improvement and not affected 
by the transfusion. Patient A. R., showed no 
change after the transfusion. No harmful 


‘This amourt of sodium citrate is used for anticoagulation of 500 
cubic centimeters of blood. 


TRANSFUSIONS IN HYPOPROTHROMBINEMIA II 


bin. 
—s 


S$ 8 3 


fe] x 
o Oo 





i¢,] 

oO 
yn 
> 
~ 








> 
oO 


0123 45 67 8 9 1 
Days of storage. 


Percent plasma prothrom 


Chart 1. The gradual drop in the percentage of plasma 
prothrombin in 17 specimens studied. The percentage 
recorded for each day of storage is average for 17 specimens. 


effects were noted, and in some instances an 
improvement in the plasma prothrombin levels 
was found. 

Three patients were given 4 day old citrated 
blood. In all patients there appeared to be no 
immediate effect on the plasma prothrombin. 
In 2 patients, G. I. and C. B., the level dropped 
after 12 hours. These patients recovered 
their initial level in 24 hours. Patient R. G. 
reached roo per cent in 24 hours. 

Four patients received 5 day old blood. 
Patient A. M. reached a normal prothrombin 
level immediately after the transfusion. This 
was maintained for 12 hours. Patient W. P. 
reached a normal in 12 hours. D. W. had a 
slight drop and then reached normal in 24 
hours. Patient A. K. had a slight rise. The 
effect in these cases was much better than 
expected. No harmful effects were noted in 
these patients. 


TABLE I.—EFFECT OF INTRAVENOUS ADMIN- 
ISTRATION OF CITRATE* UPON NORMAL 
INDIVIDUALS 


Per cent plasma prothrombin 
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| Before Immediately 12 hrs. 24 hrs 36 hrs 
citrate after after after after 
cs. 10° 100 | go 95 100 
Cc M. i 00 100 | 10° | 
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*70 c.cm. of 2.5 per cent solution. 
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TABLE II.—EFFECT OF CITRATED STORED BLOOD ON PLASMA PROTHROMBIN LEVEL IN 
PATIENTS WITH A HYPOPROTHROMBINEMIA 
Per cent plasma prothrombin 
a Patient Diagnosis ‘ 
“ha i ae x2 hrs. 24 hrs. 36 hrs. 
I JB. inn Cholecystitis = 66 7° i —_ a poe 300 7 — 
"s aa W.McK. ‘Carcinoma of gall bladder 34 50 : a 56 i ii  — 
E.G. Carcinoma of stomach 26 -_ | 47 46 - - 
J.F. _ | Choledocholithiasis 72  -— | - © oh & ee 
AR. Cholecystitis 69 7 71 a i 6S Ta ; aes 
BP. om Choledocholithiasis —— “92 7 me _ ; ‘80 oo ‘60 - 83 - 
PS. ‘Catarrhal jaundice a ae" —_ ” 64 a 63 : 66 ; “s ” $00 
4 = RG. ‘Choledocholithiasis ‘ee a 78 . gh >. Soe me | 700 a ‘80 —_ 
G.I. | Choledocholithiasis | » +t ww teste. ifsbtf* 
C.B. Cirrhosis of liver mia | $a , =a 56 eens 40 om ae 58 ae 52, mike 
5 7 a WP. Catarrhal jaundice 7 - sf — 65 aig 100 g By gun 
A.K. Carcinoma of pancreas 7 7 a o a 36 4 5° ss a mint aees 
A.M. | Choledocholithiasis 34 400 100 ms Ge 
D.W. Carcinoma of pancreas 60 a 50 88 100 S ows ar 
6 JH Choledocholithiasis 36 oO! 47 420” 
W.M. | Choledocholithiasis 56 ee 69 ees 8 
9 M.B. Choledocholithiasis 30 ee 67 a aon 
P M.B. | Choledocholithiasis 35 ae es eon _ 
10 SV. Choledocholithiasis 59 78 | 55 7 
VitaminK | S.V. | Choledocholithiasis 37 | 85 o- sare 
OBSERVATIONS 


Two patients were given 6 day old stored 
blood, and in both instances there was an 
immediate rise in the plasma prothrombin 
level. After 12 hours there was a drop to the 
former level. 

One patient received a transfusion of 9 day 
old blood and showed a definite improvement 
after 12 hours. When the level dropped after 
24 hours to 55 per cent, a transfusion of 5 day 
old blood was given and again an improve- 
ment was noted. 

One patient was given a transfusion with 
10 day old blood, and an immediate rise was 
noted. In 12 hours the level again dropped. 
At this time a compound with vitamin K 
activity (2-methyl-1,4-naphthoquinone), 1 
milligram 3 times a day was given orally. 
The level before starting was 57 per cent. 
Twelve hours after the vitamin K compound 
it rose to 85 per cent. The value of the syn- 
thetic compound in these conditions is note- 
worthy. 


Prior to the discovery of vitamin K, blood 
transfusions were used to combat the tend- 
ency to bleed in patients with obstructive 
jaundice. Judd used the procedure before 
operation in these patients and found that 
the tendency to bleed after operation de- 
creased. The mechanism of this action was 
not known. 

Patients with jaundice of an obstructive 
nature are now often found to have a hypo- 
prothrombinemia which predisposes them to 
bleeding. Such conditions may be corrected 
by giving these patients vitamin K com- 
pounds. Therefore, it would not be necessary 
to depend upon blood transfusions. This does 
not signify that one should disregard the value 
of transfusions before and after operation. 

The amount of prothrombin in 500 cubic 
centimeters of blood is small compared to the 
total prothrombin content of blood in the 
body. The prothrombin, as determined by 
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the Smith test, is equal in the donor and in his 
citrated blood sample immediately after being 
drawn. Stored citrated blood gradually loses 
its prothrombin content during storage. A 
transfusion with this blood would increase the 
total content of the body’s prothrombin only 
slightly; thus, it theoretically should have 
little value in the treatment of hypoprothrom- 
binemia. On the contrary in several instances 
there was a marked improvement in the plas- 
ma prothrombin level even after 10 days of 
storage when the prothrombin content aver- 
aged 54 per cent of its normal value. Such 
an effect of the blood transfusion upon the 
prothrombin level was often greater than 
could be accounted for by the prothrombin 
contained in the transfused blood. Such an 
effect may be explained upon the basis of 
added vitamin K present in the transfused 
blood. An investigation is now being made to 
determine the vitamin K content of stored 
citrated blood. One could also assume that 
there was a stimulating or catalyzing effect 
induced by the transfused blood. The age of 
the blood apparently makes no difference as 
to the effect obtained. Thus one may state 
that stored citrated blood transfusions are 
useful in elevating the plasma prothrombin 
and may be used up to the tenth day of stor- 
age without harmful effects upon the plasma 
prothrombin level. 


SUMMARY 

When citrated stored blood is given to pa- 
tients with a hypoprothrombinemia, it is 
effective in elevating the plasma prothrombin 
and may be used for transfusions up to the 
tenth day of storage with beneficial effects 
upon the plasma prothrombin level. How- 
ever, because of more rapid and effective 
action, compounds with vitamin K activity 
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should be used preferably to correct the exist- 
ent hypoprothrombinemia; citrated stored 
blood should be used as an adjunct in the 
treatment of the primary disease rather than 
for 1s effect on the prothrombin level. 

The effect of a blood transfusion upon the 
prothrombin level is often greater than can 
be accounted for by the prothrombin con- 
tained in the transfused blood. Such an 
effect may be explained on the assumption 
that vitamin K is present in the transfused 
blood or on the assumption that a stimulating 
or catalyzing effect on prothrombin forma- 
tion has been produced. 

Citrated stored blood gradually loses its 
prothrombin content; in a series of 17 cases 
the average content by the tenth day of stor- 
age was 54 per cent of normal. However, the 
elevation of plasma prothrombin in patients 
given a transfusion was approximately the 
same regardless of the age of the blood and 
its prothrombin content. 


The authors appreciate the co-operation of Drs. E. 
Shirmer and G. Blaha of the Cook County Hospital blood 
bank in this work. 
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THE BASIS OF THE HISTOLOGICAL DIAGNOSIS 
OF CARCINOMA 


With Special Reference to Carcinoma of the Cervix and Similar Lesions 


ROBERT MEYER, M.D., Minneapolis, Minnesota 


HE clinical diagnosis of cervical can- 

cer is often indefinite and demands 

histological control. This truth is 

evidenced by a study of 5,000 curet- 
tage and biopsy specimens. In 774, or 15 per 
cent, of these specimens, the clinical and his- 
tological diagnoses were in disagreement. Of 
these, 270 were cervical biopsies and in 20 a 
definite clinical diagnosis was found to be in 
error. In 250 other cases biopsies were taken 
because of clinically suspicious lesions of the 
cervix, but only 56 of these could be verified 
histologically as cancer. Without histological 
control, 194 of these patients would have been 
left without a basis for therapy. 

The question naturally arises as to whether 
the histological diagnosis is in reality more 
trustworthy than that obtained by clinical 
means. Actually, this question has often been 
raised since the beginning of the use of his- 
tological diagnosis 60 years ago. At that time 
Ruge and Veit, in Berlin, held that histological 
methods offered the only acceptable criteria 
for the diagnosis of cancer, particularly of 
the endometrium and cervix. These authori- 
ties pointed out that considerable experience 
is required in the evaluation of material ob- 
tained by curettage and cervical biopsy. The 
poor results of surgical therapy to tumors of 
these tissues might be much improved if 
histological methods were used to allow recog- 
nition of the diseases in the early stages of 
their development. It is now, of course, gen- 
erally agreed that Ruge and Veit were correct 
in their demand that histological investiga- 
tion be considered an essential part of the 
diagnosis of tumors in this region. It is hard 
for us to realize today that these men had to 


Charles Sumner Bacon Lecture delivered at the University of 
Illinois, December 6, 1939. First lecture. 

From the Department of Obstetrics and Gynecology, Univer- 
sity of Minnesota. 


carry on a long struggle against resistance 
even by outstanding gynecologistsand patholo- 
gists. At the present time there is a general 
acceptance of this rule, although there is still 
occasional doubt raised as to the finality of 
histological diagnosis. It is wise, then, to 
evaluate critically, from time to time, the 
fundamental features of a histological diag- 
nosis of cancer. 

It has been suggested that there are certain 
dangers in obtaining material for biopsy. It 
has been said that curettage and biopsy in- 
cision can produce serious results when carci- 
noma is present. Not only, it is said, may in- 
fection be introduced, but vessels may be 
opened to allow the entry of cancer cells with 
the resultant production of metastases. It is 
odd that this hypothesis has never been ex- 
perimentally tested. 

In order to reach a conclusion it would be 
necessary to examine large numbers of speci- 
mens from which biopsies had and had not 
been taken. With this in mind I have care- 
fully investigated the region of the biopsy 
wounds in breasts and uteri, removed from 1 
to 14 days after biopsy, and have never been 
able to demonstrate any relation between tu- 
mor spread and the trauma incident to re- 
moval of material for histological examination. 
Even if such spread should occasionally occur, 
it does not approach the danger of the large 
number of unnecessary therapeutic procedures 
which would be carried out in the absence of 
histological diagnosis. Paterson and _ col- 
laborators published an important investiga- 
tion of 166 cases of squamous cell carcinoma. 
In this investigation 99 cases, in which pa- 
tients were operated upon after excision for 
biopsy, had a smaller percentage of metas- 
tases after several years than the cases with- 
out biopsy. 
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The histological diagnosis of cancer must 
be made as accurate as possible. Problems 
will arise in arriving at both a positive and a 
negative diagnosis. In order to check on the 
biopsy diagnosis, careful examination should 
always be made of the material removed when 
surgical therapy is undertaken. It is possible 
that surgical damage to the tissue may oc- 
casionally make this an unreliable check. It 
is also possible that a very small tumor has 
been entirely removed by the biopsy pro- 
cedure. This factor occurs very seldom and 
it is dangerous to use it to explain a failure to 
confirm the pre-operative diagnosis. In cases 
in which radiation therapy is the method of 
choice it is most often possible to obtain suf- 
ficient quantities of material to make the di- 
agnosis certain before this form of therapy is 
undertaken. 

When one has to deal with large numbers of 
specimens each year, failure to recognize his- 
tological malignancy will not long escape at- 
tention so that these diagnoses are automat- 
ically controlled. But the question continues 
to arise in regard to the finality of the histo- 
logical diagnosis. This has been studied by 
means of an evaluation of the end-results in a 
large group of patients from whom material 
had been obtained by curettage or cervical 
biopsy, and examined from 2 to 5 years 
previously. The findings have been pub- 
lished in detail (8, 10). Particular attention 
was paid to those cases which showed exces- 
sive hyperplastic response in the endometrium 
in such conditions as cystic glandular hyper- 
plasia, endometrial polyps, or squamous 
change of the endometrial epithelium and to 
those in whom erosion healing or polyps of 
the cervix showed excessive epithelial ac- 
tivity. Some of these were followed during 
8 to 12 years after the original examination. 

The results of this study have apparently 
justified the criteria used in the original diag- 
nosis. The fact that no undiagnosed cancer 
has come to light in the series would seem to 
be fairly conclusive evidence. One should, 
however, always bear in mind the fact that 
there is no infallible judgment, and experience 
has only served to make one even more cau- 
tious. Thus, the careful study of both biopsy 
and operative specimens and the follow-up 


control of patients have been the two methods 
used in the control of the histological diag- 
nosis. The diagnostic criteria are, then, based 
upon clinical standards and not upon theo- 
retical considerations. Histological examina- 
tion is only one of the essential studies in this 
field, and it should be carried out in close co- 
operation with the clinic. 

Following the stages of the historical de- 
velopment of our knowledge of the subject, 
one might well begin by asking these logical 
questions. What is the microscopic appear- 
ance of the tissue in clinical cancer? What 
tissue disturbances may be seen which differ 
from the normal or the benign alterations? 

1. Changes occur in the epithelial cells 
which at first may deviate only slightly from 
the normal: (a) For abnormally long periods 
the cells may show evidence of the lack of the 
normal processes of ripening or maturity, (b) 
they often change their size and shape. This 
is particularly evident in the nucleus whose 
whole structure changes, (c) there is an in- 
crease in the nuclear chromatin, and (d) 
sometimes the whole character of the normal 
cell is changed. 

2. The cancer cells continuously reproduce 
themselves so that the whole normal form of 
the tissue is lost. Occasionally, even when the 
cells and their nuclei are not essentially 
changed, the form of the tumor, as a result of 
continuous growth, is often sufficient for a 
diagnosis of malignancy. 

This is best seen in adenocarcinoma in 
which, with comparatively little change in the 
individual cell, there are deviations from the 
normal gland form and multiple layering of 
the cells to produce thick masses of epithelium. 
This may then grow to be elevated above the 
normal surface to produce adenomatous or 
papillomatous tumors. 

3. The tumor cells may directly invade the 
neighboring tissue and destroy it. They may 
make their way into vessels, may be trans- 
ported as emboli and may settle and develop 
elsewhere in the body to produce metastases. 

Cancer shows then: (1) variations from 
normal in the cells and particularly in their 
nuclei, (2) changes in the gross form of the 
tissue, and (3) invasion of other tissues, of 
vessels, and the production of metastases. 
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The third characteristic, that of invasion, 
is the most important from a clinical point of 
view. It has been placed last in the list not 
only because it usually appears last in the 
course of the development of the disease, but 
to express opposition to statements still ap- 
pearing in the literature to the effect that in- 
vasion of surrounding tissue is the only ade- 
quate criterion of malignancy. It is the most 
striking and historically the first of the char- 
acteristics to be recognized. But the other 
characteristics appear earlier and must be 
recognized. Under these circumstances there 
can be no advantage in waiting for the de- 
velopment of later stages. It is necessary to 
arrive at a diagnosis at the earliest possible 
moment in the natural history of the cancer 
process. Microscopic changes in the cells are 
the earliest which can be recognized, and these 
can be accepted as trustworthy before in- 
vasion. Adenocarcinoma of the body of the 
uterus is diagnosed by every pathologist from 
curettings which consist only of superficial 
tissue. The changed tissue form and structure 
are sufficient without evidence of invasion. 

It is widely believed that the pathologist, 
using the 3 general criteria here outlined, can 
arrive with ease at a differential diagnosis of 
malignancy. It must be pointed out that 
somewhat similar changes may on occasion 
occur in benign tissue. The grossest sign of 
malignancy, namely invasion of the surround- 
ing tissue, may be seen in such benign lesions 
as adenomyosis. Sections from the cervix and 
the vagina are to be seen in which the original 
tissue may be replaced by the invasive growth 
of endometrium whose stroma melts away the 
muscle and connective tissue (7, 9, 11). This 
can even invade vessels and very occasionally 
produce emboli and metastases. Similar find- 
ings are known to occur in other benign tu- 
mors, as for example, those of the thyroid. 

One must be careful of generalizations in 
histological interpretation. Similar changes 
can have an entirely different significance in 
different organs. Many illustrations could be 
used to demonstrate the fact that no generally 
applicable rules can be formulated or applied 
to the diagnosis of malignancy as a whole. 
There is no single characteristic which justifies 
a diagnosis of malignancy under all condi- 


tions. This is true of the changes in the cells 
themselves, of the gross form of the tissue, and 
of invasion. Even the dissolution of other 
tissue by some form of proliferation, invasion 
of vessels, and production of metastases lend 
no certainty in every case to the diagnosis of 
malignancy. The opinion might seem justified 
that the histological diagnosis is clouded by 
too many pitfalls and uncertainties. In re- 
ality, however, this is not entirely true, but 
it would seem wise to sound a warning in order 
that the difficulties concerned shall not be un- 
derestimated. In order to avoid error, wide 
experience in histological diagnosis is neces- 
sary as, indeed, it is in any other diagnostic 
endeavor. This experience must take into 
account clinical information. Without this 
the art of histological diagnosis would be 
based upon a false theoretical premise. 

In the field of gynecology there are two dis- 
turbances of squamous epithelium which are 
not always adequately differentiated. These 
are the benign and the malignant prolifera- 
tion of the squamous epithelium of the cervix. 
They hold in common the characteristics of 
superficial growth and invasion of the glands. 
In the course of this invasion they both show 
displacement and replacement of the cervical 
epithelium and may fill the gland lumen. It 
is characteristic of the benign lesion, erosion 
healing, that, having reached this stage, its 
demands seem satisfied and_ proliferation 
ceases. It requires the gland for this type of 
invasion. In contradistinction to this, the 
carcinoma continues its proliferative course, 
breaking through the basement membrane of 
the gland to invade the underlying tissue. It 
does not require the gland for direct invasion 
but uses it on occasion as a matter of con- 
venience. 

The accompanying illustrations demon- 
strate the process of epithelization of erosions 
and cervical polyps. The differential diag- 
nosis in each case has been confirmed by pro- 
longed observation. 

The benign epithelization represents the 
healing of a cervical erosion. An inflammatory 
infiltration, most often spread from the cervi- 
cal mucous membrane, comes to lie beneath 
the squamous epithelium of the portio. The 
destructive effects of this progress toward the 
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MEYER: 


surface until all layers are destroyed and the 
erosion is produced. The mucus-producing 
epithelium of the cervix or its glands grows 
over the defect and this represents the first 
stage of the erosion healing. As the inflamma- 
tion subsides the squamous epithelium ad- 
vances from the margin of the erosion. It grows 
by a proliferation of its basal cell layer be- 
tween the connective tissue and the mucous 
epithelium and may similarly extend into the 
glands. The mucous epithelium is lifted off 
and dies. Finally, both in the glands and on 
the surface, basal cells differentiate into lay- 
ers, lose their unripe character, and may fill up 
the glands as well as cover the surface. This 
process of ripening may proceed slowly. The 
filling of the glands may take considerable 
time and mucous producing epithelium may 
persist during this process. 

This process of epithelization may be dis- 
tinguished from early carcinoma by a recog- 
nition of the normal character of the cells. 
Figure 1 shows a section from the cervix of a 
51 year old female and demonstrates healing 
glandular erosion. There is epidermization 
of the glands, the mucous epithelial cells are 
higher, their nuclei darker than that of the 
surrounding squamous epithelium. These 
cells spread between the mucous epithelium 
and the connective tissue. In some of the 
smaller glands there is only a single row of 
squamous cells. As the sauamous cells pro- 
liferate they become mu!’ dd. The mu- 
cous cells are pushed away :.om the connec- 
tive tissue and finally disappear, as shown in 
one of the glands at the base of the picture. 
The squamous epithelium cells, centrally lo- 
cated, are larger and sharper than their basal 
cell row. The gland still has a lumen. To the 
left is a solid cell mass resembling a cancroid 
pearl. To the right of the same figure are 2 
glands showing an earlier stage of epidermiza- 
tion. In some areas the mucous epithelium is 
still in its original position, immediately next 
to the connective tissue. However, the basal 
row of squamous epithelium is beginning to 
indermine the mucous epithelium. In the 
center of the figure the long tubule has several 
branches, not completely filled with squamous 
pithelium. The uppermost of these branches 
ippears to be a solid, independent mass. All 
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Fig. 1. 
biopsy. 


Epidermization of glandular erosion. Excision 


areas of glands after epidermization is com- 
plete appear as solid masses, if cut tangen- 
tially, and must be cut in series to show that 
they are parts of glands. In some of these 
solid masses one can find remnants of mucous 
cells or mucus. I repeat these well known 
facts because even today occasional errors of 
diagnosis are made and because epidermiza- 
tion is often erroneously called metaplasia. 
This conception is fundamentally wrong and 





Fig. 2. Excision biopsy from the portio. Flat section 
through the basal cells of epidermized glands of an erosion 
healing. 
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Fig. 3. 


is based on noncritical judgment of single 
slides, instead of series or reconstruction. In 
erosion healing it is very often easy to show 
that the epidermization originates from the 


normal squamous epithelium on the periphery 
of the erosion. To understand the epidermiza- 
tion in the higher level of the cervical canal 
and also of polyps arising from this area, it 
must be clearly understood that in some areas 
basal cells exist beneath the mucous epithe- 


lium. These cells have remained in this area 
since the early developmental stages as fetus 
and child, at which time the entire cervical 
canal was covered with the squamous epi- 
thelium of the vagina. This was pointed out 
by the writer 30 years ago and confirmed by 
later work on the development of the vagina.' 
During pregnancy the squamous epithelium 
of the vagina often covers the lateral areas of 
the cervical canal. Thus in adult life the 
basal cells of squamous epithelium can reach 
the upper part of the cervical canal and re- 
main there. These basal cells are found under 
the mucous epithelium in apparently normal 
cervices. A tangential or flat section can lead 
to confusion in diagnosis. Figure 2 is taken 
iMeyer, Robert. Arch. f. Gynaek., 1934-1938. 


c 


Cervical polyp. 


from aclinically suspicious erosion of the portio 
in a 53 year old woman. On the left is the 
remainder of a gland lumen. In other sections 
all the solid appearing epithelial bodies pre- 
sented lumina, some of which could be fol- 
lowed to the surface. Some of the lumina con- 
tained only mucus, others were lined by mu- 
cous epithelium. By chance many of the 
cervical glands in this section are cut tan- 
gentially, showing only their basal cells. These 
cells are always more unripe than the inner 
layers and therefore appear darker. The di- 
agnosis of benign erosion healing was made. 
No treatment was instituted and 3% years 
later re-examination of the woman con- 
firmed the prognosis. 

One case such as this is not adequate proof, 
but observation of large numbers of similar 
cases with various degrees of epidermization 
healing, untreated by operation or radiation, 
is decisive. 

Polyps of the cervical mucosa are sometimes 
even more confusing. These are very seldom 
carcinomatous and even then many are sec- 
ondarily invaded by carcinoma, usually at 
the base. Since the polyps are often multi- 
lobular and wrinkled, the very active epi- 
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Fig. 4. Papillomatous leucoplacia following erosion heal- 
ing. Invasion into a gland. 


dermization produces confusing pictures which 
quite frequently mislead investigators to di- 
agnose carcinoma. 

Figure 3 shows a polyp of the cervical mu- 
cosa presenting a minor degree of epidermiza- 
tion. The first view (left above) is taken with 
low power; the details of the darker spots 
(a, b, c, d) are shown in the other pictures. 
In d the squamous epithelium is invading a 
gland, the mucous epithelium covers the re- 
duced lumen. In c the squamous epithelium 
seems to precede the mucous epithelium along 
both sides of one gland, against its fundus and 
toward the surface. It is impossible to be sure 
of this without reconstruction of a series. In 
b the squamous epithelium lies partly on the 
surface and surrounds some of the smaller 
glands. In a the squamous epithelium under- 
mines the mucous epithelium on the surface. 
The connective tissue is infiltrated by round 
cells. The epithelium throughout shows a 
moderate degree of ripening without atypical 
changes. It is apparent that the squamous 
epithelium arises independently in various 
areas. 

There are some changes in the squamous 
epithelium as a result of proliferation which 
are easily recognized as benign (Fig. 4). A 
degree of leucoplacia is seen in the epithelium 
of invading glands in parts of the area which 
had previously been an erosion. Papilloma- 
tous proliferation is benign, even when it 
seems to invade the connective tissue with 
very long projections of squamous epithelium, 
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Fig. 5. Partly papillomatous leucoplacia of the portio of 
prolapsed uterus. 


as long as there is a clear basal row and normal 
layering (Fig. 5). In these circumstances also, 
sections through the basal row may be de- 
ceiving. 

Figure 6 shows a section from a wart-like 
proliferation of the squamous epithelium on 
the portio in a 20 year old virgin. The epi- 
thelium at the surface does not show com- 
pletely normal layering but it is normally 
ripened. The same may be seen in the network 
of epithelial strips. Where these are cut tan- 





Fig. 6. Part of a benign, warty papilloma of the portio. 
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gentially the basal cells look abnormal, partly 
spindle-shaped. The latter occurs when pres- 
sure of the growing connective tissue forces 
the epithelium to form cords with sharply de- 
marcated edges and points. 

Many cases similar to these demonstrated 
have been incorrectly diagnosed as malignant. 
Such errors can and must be avoided, and this 
will be aided by careful laboratory handling 
of the tissue. An experienced person will sel- 
dom have difficulty in interpretation of the 
findings, although at first glance it might ap- 
pear that the epithelium is independently in- 
vading the underlying tissue. Serial sections 
will show that all of these processes lie in what 
were originally glands. Diligent search will 
reveal the persistence of gland lumina and 
mucous epithelium. 

It must be remembered that gland lumina 
and mucous epithelium can be seen in the 
presence of invading carcinoma and that the 
carcinoma may invade the glands. Thus, 


attention must be given to the character of 
the epithelium in the glands. In the majority 
of cases, the epithelium of cervical carcinoma 
may be readily differentiated from that of ero- 
sion healing and polyps. Carcinoma cells 
show deviations from the normal which are 
particularly evident in the nuclei. The chro- 
matin content is increased and the nuclei are 
more darkly stained. The size of the nuclei 
is increased without comparable increase in 
the cytoplasm. The shape of the nuclei is 
irregular. The general conformation of the 
normal epithelium is lost, leading to absence 
of a special basal cell row and loss of regular 
layering. Anomalies of mitosis seldom occur 
in the early stages of carcinoma. The basal 
membrane is often intact in the early stages 
and is destroyed as the disease advances. 
These details will be discussed in a subsequent 
paper which will also include details of the 
literature to which reference has been made 
in this article. 





THE MANAGEMENT OF THE JAUNDICED PATIENT 


With Special Reference to Vitamin K 


FREDERICK A. COLLER, M.D., F.A.C.S., and J. MATTHEWS FARRIS, M.D., Ann Arbor, Michigan 


HE mortality accompanying opera- 

tions on jaundiced patients has long 

been augmented and sustained by the 
incidence of postoperative hemor- 

rhage. A recent analysis of 4,000 operations 
on jaundiced patients reveals 16 per cent of 
the fatalities to be due to postoperative 
hemorrhage (15, 16). This complication has 
long remained an enigmatic problem and it is 
only through an increased knowledge of the 
importance of nutrition, that an effective 
means is at hand to combat this dreaded 
sequel to operations for obstructive jaundice. 
There is perhaps no field of medical research 
in which more rapid progress has been made 
than in the science of nutrition. In the early 
part of the present century it was felt that 
protein, carbohydrate, fat, minerals, and wa- 
ter were the essential elements to promote 
growth and development. However, the in- 
creasing knowledge of vitamins reveals that 
they play an important réle in the state of 
general nutrition, cardiac reserve, resistance 
to infection and in certain other functions 
such as the prevention of hemorrhage and the 
healing of wounds. Important recent contri- 
butions in the study of nutrition concern the 
role of vitamin K in the prevention and treat- 
ment of the hemorrhagic diathesis associated 
with the various forms of obstructive jaundice. 
Fortuitously there was general agreement 
that the hemorrhagic diathesis of jaundice is 
due to a lowered prothrombin level of the 
blood almost simultaneously with the dis- 
covery of vitamin K by Dam of Copenhagen. 
He found that a fat-free diet would produce 
an enormously prolonged clotting-time in 
chicks. It then developed from further studies 
that the addition of a certain fat-soluble sub- 
stance found in hog’s liver and in spinach and 
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other green vegetables would prevent this 
hemorrhagic tendency. This substance was 
designated as vitamin K from the Danish 
word ‘‘ Koagulation.”” Subsequent studies by 
Dam (6 to 11) and others, notably Almquist 
(1 to 4), have demonstrated that vitamin K is 
present in the photosynthetic portions of cer- 
tain plants and that it is produced by bacterial 
activity in the intestine of man. 

Avitaminosis K is manifest clinically in a 
tendency to bleed due to a lowered prothrom- 
bin level of the blood. It is generally agreed 
that the blood of jaundiced patients is not 
deficient in calcium, fibrinogen, or platelets. 
Likewise there is no evidence that the presence 
of bilirubin in the blood has any adverse 
effects on its coagulating propensities per se. 
A review of the factors concerned in normal 
blood coagulation will demonstrate the rdéle 
of prothrombin (12). 

Recent studies continue to support the 
thrombin theory which holds that a coagu- 
lant, thrombin, is formed from an inactive 
precursor, prothrombin, through the agency 
of calcium salts and thromboplastic factors 
(Fig. 1). Thrombin in turn converts fibrin- 
ogen into fibrin. 

Fibrinogen. Plasma fibrinogen is a globulin- 
type of protein formed by the liver and is 
always present in the circulating blood. Prep- 
arations of this substance are usually obtained 
by salting-out with neutral salts and they may 
be lyophilized for preservation in the dry 
state. Repeated quantitative studies of the 
fibrinogen in the blood of jaundiced patients 
show no consistent abnormality. The fibrino- 
gen level has been used as an index of liver 
dysfunction (18). 

Thrombin. This substance plus fibrinogen 
results in the formation of a fibrin clot. In- 
travascular clotting is prevented by the fact 
that thrombin is never present in the circulat- 
ing blood, but is formed from its inactive pre- 
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lig. 1. A diagrammatic representation of the thrombin 
theory of blood coagulation which holds that a coagulant 
(thrombin) is formed from an inactive precursor (pro- 
thrombin) through the agency of calcium salts and throm- 
boplastic factors. Thrombin in turn converts fibrinogen 
into fibrin. The intravascular conversion of prothrombin 
into thrombin is prevented by the inhibitory effect of 
antiprothrombin Smale. Extravascular clotting oc- 
curs through neutralization of the antiprothrombin effect 
by the thromboplastic factors (platelets and _ tissue 
juices). 


cursor, prothrombin (thrombogen). It is 
highly potent and has been employed for local 
hemostasis (24). 

The initiation of blood clotting—union of 
fibrinogen and thrombin to form fibrin—ap- 
pears to be dependent upon two substances: 

Anti prothrombin. Antiprothrombin or hepa- 
rin prevents thrombin formation from pro- 
thrombin. It is an inhibitory substance, 
probably formed in the liver, normally found 
in the blood, and contains mucoitin-polysul- 
furic, -acetic, and glycuronic acids. Purified 
products differ in anticoagulant potency. 

Thromboplastin. Crude aqueous tissue ex- 
tracts are rich in this substance and possess 
powerful clot-aiding properties. Thrombo- 
plastic factors come from plasma itself as well 
as from platelets, tissues—including brain, 
lung, placenta, and bone marrow—and secre- 
tions. Chemically thromboplastin is a phos- 
pholipid and is not available until ‘‘mo- 
bilized.” The analysis of Ferguson and 
Erickson (13) reveals a proteolytic thrombo- 
plastic enzyme analogous to crystalline tryp- 
sin as the mobilizing factor. These substances, 
when liberated, presumably fix the antipro- 
thrombin thus releasing its inhibitory effect 
upon prothrombin. 

An extravascular clot is composed of a 
mesh-work of fibrin threads between which 
are found red and white blood corpuscles. 
When a wound occurs, mobilization of the 
thromboplastic factors at the site of tissue in- 
jury results in the fixation of the antipro- 
thrombin—heparin. In turn, the inhibitory 
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Fig. 2. A diagrammatic representation of the metabo- 
lism of prothrombin. The K factor supplied either from 
the diet or from intestinal bacterial activity and possess- 
ing the solubility properties of fats must have bile for 
its dissolution and absorption. Absorption is thought to 
occur primarily in the jejunum and synthesis of pro- 
thrombin from the K factor is carried out by the liver. 


effect upon the prothrombin is released, thus 
leaving it free to be activated by calcium ions 
with transformation into thrombin. The 
newly formed thrombin promptly unites with 
the available fibrinogen to form fibrin which 
enmeshes the blood corpuscles and later con- 
tracts to form a clot (Fig. 1). 

It has been emphasized that the blood of 
jaundiced patients possesses one variable fac- 
tor in this chain of events. The thrombo- 
plastic factors are ample, and a fibrinogen 
deficiency is an extremely rare cause of bleed- 
ing. Evidence that the heparin content of the 
blood may be increased is lacking. The clot- 
ting time of blood on recalcifying in the pres- 
ence of added thromboplastin, is a value 
which, under standardized conditions, affords 
a relative estimate of the prothrombin con- 
tent. These values—prothrombin clotting 
activity—are consistently low as obtained 
from the blood of jaundiced patients who 
demonstrate a bleeding tendency. 

A brief summary of the current state of our 
knowledge with respect to the so called 
“bleeding tendency”’ is supplied by Fergu- 
son (12): “Bleeding involves positive causa- 
tive factors as well as failure in control. Co- 
agulation defects are an important aspect of 
the latter, but the former includes special fac- 
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tors such as the susceptibility of capillaries to 
injury. Fibrinogen deficiency is an uncommon 
cause; of, bleeding, usually associated with 
gross liver injury. Pseudohemophilia is a 
fibrinogen deficit and may be hereditary. 
Prothrombin lack has recently leaped into 
prominence. It is due either to liver damage 
or to an inadequate supply of vitamin K, gen- 
erally because of failure of intestinal absorp- 
tion in biliary disorders. For calcium insuffi- 
ciency to be a significant cause of hemorrhage, 
the diffusible serum calcium would have to fall 
below the lowest recorded level compatible 
with life. Thromboplastin defects offer the 
clue to the clotting delay in true hemophilia. 
Heparin and antiprothrombin increase may 
explain conditions such as the anaphylactoid 
purpuras when associated with incoaguability 
of the blood.” 

The exact nature of prothrombin has not 
been elucidated but its preparations contain 
globulin protein which may be precipitated 
by dilution and acidification. Like other 
plasma proteins, prothrombin is formed in the 
liver and is therefore a manifestation of nor- 
mal liver function. The Quick test of the pro- 
thrombin activity of the blood is an index of 
liver dysfunction and parallels the hippuric 
acid test (25). 

The chain of events which perhaps trans- 
pires in the formation of prothrombin may be 
depicted diagrammatically (Fig. 2). The me- 
tabolism of this substance is intimately con- 
cerned with the proper utilization of vitamin 
K. The fat-soluble factor K—which is pres- 
ent in the photosynthetic portion of plants 
and may be produced by bacterial activity — 
possessing the solubility properties of fats 
must have bile for its emulsification and ab- 
sorption. Absorption is thought to occur pri- 
marily in the jejunum. The extrinsic factor 
thus emulsified and absorbed theoretically 
unites in an obscure way with an intrinsic 
factor in the liver affecting the synthesis of 
prothrombin. The latter is apparent from the 
ease with which the prothrombin level of the 
blood may be reduced to hemorrhagic levels 
by the administration of hepatoxic substances, 
such as carbon tetrachloride. The general 
effects of bile on the absorption of fat-soluble 
vitamins have been well demonstrated by 
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Fig. 3. Case E. L. No. 439,527. Obstructive jaundice 
from advanced cirrhosis of the liver with ascites. A rise 
in the prothrombin clotting activity from 5 per cent to 95 
per cent in 12 hours with two doses of vitamin K. Case 
M. W. No. 453,204. Advanced metastatic carcinoma of 
the liver. Obstructive jaundice with prompt rise in pro- 
thrombin clotting activity. Case S. B. No. 458,740. Ad- 
vanced metastatic carcinoma of the liver retaining the 
ability to synthesize prothrombin. 


Greaves and Schmidt, who have shown that 
deoxycholeic acid is essential for proper 
absorption of carotene, vitamins D, E, and K. 
Since sterile bile does not contain the vitamin 
and since infected bile contains only small 
amounts of it, it is apparent that bile exer- 
cises its beneficial effect only by facilitating 
the absorption of vitamin K, normally pres- 
ent in the intestinal tract. Likewise the addi- 
tion of bile and vitamin K to whole blood has 
no enhancing effect on its coaguability. 
From the diagram, it may be seen that in 
order that a normal amount of prothrombin 
shall be present in the blood, vitamin K must 
be absorbed and utilized by the liver. This is 
dependent on three primary requisites: (1) 
there must be physiologically active bile par- 
ticipating in the normal digestion of fat; 
(2) there must be an adequate absorptive in- 
testinal surface; (3) there must be a physio- 
logically active liver. It is probable that the 
dietary factors may be minimized inasmuch 
as the bacterial activity occurring in the in- 
testine produces vitamin K. The vitamin can 
also be prepared from fish-meal after the ex- 
tracted material has been allowed to putrefy. 
Almquist and his associates have isolated a 
fish-meal organism which closely resembles 
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Fig. 4. a, left, Case E. L. (Fig. 3). Biopsy of liver. 
Lower power magnification, Best’s carmine stain, showing 
typical atrophic cirrhosis. b, Case S. B. (Fig. 3). Biopsy 


Bacillus cereus, and is capable of synthesizing 
considerable amounts of vitamin K. The vita- 
min is also present in Escherichia coli, Bacillus 
subtilis, Staphylococcus aureus, and many 
other micro-organisms, including Mycobac- 
terium tuberculosis, presumably contained in 
the lipid fraction of the organism. K avita- 
minosis in man then is not so much a defi- 
ciency disease as it is a condition due to faulty 
absorption. There are numerous clinical con- 
ditions other than jaundice which may alter 
the metabolism of prothrombin so _ that 
spontaneous hemorrhage ensues. Hypopro- 
thrombinemia has been observed in gastro- 
colic fistulas in which the jejunum is com- 
pletely side-tracked and absorption therefore 
impaired. For the same reason abnormal 
bleeding tendencies have been demonstrated 
in patients with intestinal obstruction, acute 
gastric dilatation, sprue, ulcerative colitis, 
and following certain side-tracking operations 
such as an ileosigmoidostomy. The most fre- 
quent condition, however, which predisposes 
to a lowered prothrombin level is the absence 
of bile in the intestine accompanying obstruc- 
tion of the common duct by neoplasm, stric- 
ture, stone, and in complete biliary fistulas. 
Theoretically, cirrhosis of the liver, hepatitis, 
or replacement of the hepatic parenchyma 
with neoplasm will so interfere with physio- 
logical activity that the metabolism of pro- 
thrombin will be impaired. Practically, how- 


of liver. Low power magnification, hemotoxylin and eosin 
stain, showing replacement and atrophy of surrounding 
hepatic parenchyma by metastatic carcinoma. 


ever, it would seem that such a condition is 
rare due to the fact that nearly 85 per cent of 
the hepatic parenchyma must be destroyed 
before signs of severe insufficiency are appar- 
ent. 

For the past 18 months vitamin K or one of 
its related compounds has been administered 
on the general surgical services for the pre- 
vention of postoperative bleeding in jaundiced 
patients. Inasmuch as the indication for the 
administration of this substance is a lowered 
prothrombin level of the blood, vitamin K 
cannot be given intelligently without follow- 
ing the patient’s blood carefully with one of 
the prothrombin tests. At the University 
Hospital, both the Quick and the test for pre- 
sumptive determination of the amount of 
prothrombin present as developed by Smith 
et al. have been employed. The latter is now 
being employed exclusively because of its in- 
creased ease of performance. It is an excel- 
lent clinical test of a patient’s tendency to 
bleed and the results check well with those 
obtained by other more complicated methods. 
It has been completely satisfactory in our 
hands on over three hundred occasions. These 
presumptive tests are based on the fact that 
the addition of thromboplastin to blood ini- 
tiates the primary phase of coagulation with 
conversion of the physiologically inactive 
prothrombin to the active thrombin. Where 
the prothrombin is appreciably lowered the 
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blood will not clot normally even in the pres- 
ence of an excess of thromboplastin. The 
thromboplastin is easily obtained by grinding 
one rabbit lung in a mortar and pestle with 
sterile sand along with 15 or 20 cubic centi- 
meters of physiological saline. After thorough 
grinding the solution is allowed to stand over 
night in an icebox and in the morning may 
be strained off through gauze. This fluid is a 
rather crude aqueous extract of the thrombo- 
plastic factors and is ready for use. The aque- 
ous extracts obtained in this manner are more 
potent than the equivalent of their isolated 
phospholipids. One tenth of a cubic centi- 
meter of this substance when added to one 
cubic centimeter of normal blood will cause 
rapid clotting in from 15 to 30 seconds. The 
latter value is more desirable as it is easier to 
work with. The blood of a patient with hypo- 
prothrombinemia on the other hand is greatly 
prolonged in its clotting activity in spite of 
the addition of this excess of thromboplastin. 
The clotting activity as measured by this 
method is expressed in percentage of normal 
by dividing the normal value by the abnormal 
and multiplying by one hundred. If the value 
obtained in this manner is below 4o per cent, 
the patient is considered to be in danger of 
bleeding. Thromboplastin solution prepared 
in this manner has remained active for as long 
as 7 weeks. It is kept in an icebox in a general 
utility room and is available to the internes 
at all times. The test is always done on a 
‘‘normal”’ to provide an accurate biological 
assay of the potency of the solution. It slowly 
loses its activity in a variable length of time 
due to the variable rate of decomposition. 
Thromboplastin is obtainable in a desic- 
cated form in ordinary capsules! which pro- 
duces a solution possessing an apparent high 
degree of uniformity. We have found that 
this solution clots normal blood in from 25 to 
30 seconds. When used on blood with a low 
prothrombin level, it gives values which check 
well with those obtained from the thrombo- 
plastin solution made directly from rabbit 
lung. This new preparation obviates the 
necessity of the.extraction process and should 
prove convenient when there is only an occa- 
sional necessity for performing these tests. 


'Parke-Davis and Co. 


It should be emphasized that the conventional 
bleeding tests of Duke and Ivy are not to be 
relied upon in detecting hypoprothrombinemia, 
as normal values may be obtained by these 
methods when a test of the prothrombin 
activity will show the patient to be in immi- 
nent danger of bleeding. 

This test has been done in many other con- 
ditions in which there is a bleeding tendency 
such as congenital hemolytic icterus, idio- 
pathic thrombocytopenic purpura, hemo- 
philia, and other blood dyscrasias. Normal 
values for the prothrombin clotting activity 
are obtained inasmuch as there is a normal 
amount of prothrombin in these conditions. 
This stresses the important fact that the only 
true indication for the administration of vita- 
min K is a lowered prothrombin level of the 
blood. The administration of vitamin K for 
menorrhagia, metrorrhagia, and_ essential 
hematuria is a waste of time for the same 
reason. However, encouraging results have 
been obtained in the hemorrhagic disease of 
the newborn, since a definite hypoprothrom- 
binemia has been demonstrated from the 
second half of the first to the sixth day of 
newborn life (23). Infants with hemorrhagic 
disease may have a prothrombin level as low 
as 5 per cent of normal and the administration 
of vitamin K is as dramatic in its results as 
whole blood. 

A case recently encountered in the Univer- 
sity Hospital suggests another important fac- 
tor which may predispose to hypoprothrom- 
binemia. 

F. R., aged 63 years, white male was admitted on 
February 19, 1940 with a three year history of 
nocturia, polyuria, and diminution in size and force 
of urinary stream. Physical examination revealed 
a well developed rather obese elderly male who did 
not appear ill. The general examination was entirely 
normal except for a 2+ benign enlargement of the 
prostate gland. Laboratory studies showed a nega- 
tive blood Kahn, heavily infected urine; hemo- 
globin, 85 per cent, white blood cells, 12,500; and a 
nonprotein nitrogen of 43.8 milligrams per cent. 
Transurethral prostatic resection of 30 grams of 
benign tissue was done on February 21, 1940. The 
postoperative course was characterized by a series of 
complications. On the third postoperative day he 
became very distended with x-ray evidence of in- 
testinal obstruction which was relieved by intestinal 
intubation. A cardiac irregularity then developed 
which improved following digitalization. The pa- 
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tient gradually rallied from this episode, but on 
March 10, 1940, he began to have massive gastric 
hemorrhages and promptly went into shock. The 
hemorrhage continued and during the 4 remaining 
days of his life, he was given a total of 3,200 cubic 
centimeters of citrated blood in addition to 7,500 
cubic centimeters of intravenous fluids—an esti- 
mated volume for volume replacement. The hemor- 
rhage continued and on March 12, 1940, a test of 
the prothrombin clotting activity was done. A 
mushy clot formed in 20 minutes while the throm- 
boplastin solution was found to clot normal blood 
in 20 seconds (1.6 per cent of normal). In the follow- 
ing 24 hours, 12,000 curative units of vitamin K and 
4 grams of bile were given by stomach tube drip and 
on the following day the patient’s blood would clot 
in 30 seconds—69 per cent of normal. The bleeding 
from the stomach promptly decreased but signs of 
pulmonary consolidation had appeared with death 
on March r4. 


This case is of theoretical interest because 
none of the usual criteria which predispose to 
hypoprothrombinemia were present. He had 
been taking a normal diet, there were no 
known abnormalities in the biliary tract and 
there was no evidence of hepatic insufficiency. 
The tremendously prolonged clotting activity 
which was restored to approximate normal 
values—from 1.6 per cent to 69 per cent—in 
24 hours would likewise preclude the possi- 
bility of any generalized impairment of liver 
function. A postmortem examination showed 
that exsanguination had occurred as a result 
of massive hemorrhage from an artery at the 
base of a subacute gastric ulcer. Multiple 
recent esophageal and gastric ulcers were also 
noted. Patchy retrogressive ischemic changes 
were noted in the liver. The biliary duct 
system was patent. Therefore it seems that 
depletion of the prothrombin reserve occurred 
as a result of repeated dilution of the blood 
with saline and glucose in the presence of 
sustained hemorrhage. Even though 3,200 
cubic centimeters of fresh citrated blood was 
given, it is significant that after transfusion, 
as with in vitro experiments, prothrombin in- 
crease is simply additive. After exhaustion of 
the liver reserve of prothrombin had occurred 
synthesis from available vitamin K in the 
intestinal tract was prevented by aspiration of 
the bile as a result of the constant gastroduo- 
denal suction. In such an instance when there 
is repeated hemorrhage such as in bleeding 
ulcer with replacement by parenteral fluids, 


the relative amount of prothrombin may be- 
come so diluted that an abnormal incoagua- 
bility develops. Prolonged gastroduodenal 
drainage by suction is likewise not without 
danger due to the continuous aspiration of 
bile. During the past year, 3 cases have been 
observed in which a severe hypoprothrombi- 
nemia developed in instances in which the only 
predisposing factor was the continuous aspira- 
tion of bile from the gastrointestinal tract 
with the suction apparatus. One illustrative 
case report follows: 

M. T., aged 36 years, No. 451769, was admitted 
to the hospital, February 26, 1940, for treatment 
of an obstructing neoplasm in the sigmoid colon. 
Complete obstruction was treated by repeated intra- 
venous fluids, gastroduodenal suction and cecostomy 
on February 27. His convalescence was satisfactory 
until March 7 when he suddenly began to bleed from 
the cecostomy wound and rapidly went into shock. 
He failed to respond to blood transfusions, morphine, 
oxygen, and heat. A test of the prothrombin clot- 
ting activity shortly before death gave a value of 
30 per cent of normal. Six thousand units—6 cap- 
sules—of vitamin K with 2 grams of bile were given 
by stomach tube and in 4 hours the prothrombin 
activity was 72 per cent of normal, and the bleeding 
had dramatically decreased. 


These 2 cases stress the fact that there are 
a wide variety of clinical conditions other than 
jaundice which may so interfere with the 
metabolism of prothrombin that an abnormal 
bleeding tendency develops. Repeated ad- 
ministration of intravenous fluids in the pres- 
ence of hemorrhage and the continued aspira- 
tion of bile from the gastrointestinal tract 
are certainly indications for performing tests 
of the prothrombin clotting activity of the 
blood. 

The conception that no response can be 
obtained from the administration of vitamin 
K in cases with extensive intrinsic liver disease 
seems rather firmly established. Cases with 
cirrhosis and low prothrombin levels pre- 
sumably are poor candidates for the adminis- 
tration of vitamin K. This analogy is further 
supported by the fact that prothrombin levels 
fall in experimental animals with hepatitis of 
chloroform origin. Experiences with this type 
of patient at the University Hospital have led 
to the conclusion that such a condition is 
rather rare. Figure 3 illustrates three exam- 
ples in which a completely satisfactory 
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response in the blood was obtained by the 
administration of vitamin K and bile in the 
presence of extensive intrinsic liver disease. 
In all 3 instances there was marked reduction 
in the prothrombin clotting activity. 


E. L., No. 439527, aged 38 years, was admitted 
to the hospital with painless obstructive jaundice on 
October 31, 1939. The prothrombin activity was 
only 5 per cent of normal but after two doses of 
vitamin K and bile, it rose to 95 per cent in 12 hours. 
Laparotomy revealed a large amount of ascitic fluid 
and the biliary duct system was patent. The liver 
was dark, markedly enlarged and grossly cirrhotic. 
A biopsy specimen was taken and reported as atrophic 
cirrhosis. Figure 4 shows a photomicrograph of the 
biopsy specimen. 

M. W., No. 453204, aged 48 years, was admitted 
on the surgical service with deep obstructive jaun- 
dice. A large mass was palpable below the costal 
margin on the right suggesting the possibility of 
carcinoma of the head of the pancreas, common 
duct, and gall bladder; the latter being favored be- 
cause of a history of long standing cholelithiasis. 
The prothrombin activity was 28 per cent of normal 
and after preparation with vitamin K and bile it 
rose to 95 per cent. At the time of laparotomy, there 
was considerable ascitic fluid, and the gall bladder 
was enlarged, hard, and extremely fixed to the ad- 
jacent structures. There were extensive metastases 
in both lobes of the liver, approximately 50 per cent 
of the liver being grossly replaced by neoplasm. A 
palliative operation was not undertaken. 

S. B., No. 458740, aged, 48 years, was admitted 
to the hospital with persistent jaundice of varying 
intensity for 4 years. A cholecystectomy had been 
done in 1937 for cholelithiasis and a second opera- 
tion in 1939, without successful exploration of the 
common duct. The liver was at least ro centimeters 
below the costal margin, firm, and somewhat nodu- 
lar. The prothrombin activity improved from 40 
to 87 per cent of normal in 3 days, with the admin- 
istration of vitamin K and bile. At laparotomy 
the liver was found to extend to the brim of the 
pelvis almost filling the entire abdomen. It was 
virtually filled with large umbilicated nodules of 
metastatic carcinoma. Hemostasis was well con- 
trolled throughout the procedure, a biopsy specimen 
was taken, and the wound was closed. Figure 4 
illustrates the pathological findings in the liver. 


In these 3 cases, 2 of metastatic carcinoma 
of the liver and 1 of extensive cirrhosis with 
ascites, rapid and satisfactory responses were 
obtained in the clotting activity of the blood 
following the administration of vitamin K. 
Hemostasis was easily accomplished at opera- 
tion in each case. This is somewhat contrary 
to the conception that intrinsic liver disease, 
such as cirrhosis, will markedly impair the 
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Fig. 5. L.C. No. 453,340. November 26, 1940, obstructive 
jaundice, hepatosplenomegaly, cholelithiasis, choledocho- 
lithiasis. Prompt rise in prothrombin clotting activity 
from sole administration of bile only to fall rapidly follow- 
ing operation. Second sustained response from Vitamin K 
and bile. L. B. No. 450,758. September 27, 1939. Chole- 
cystectomy, April, 1938. Plastic to common duct, Octo- 
ber, 1938. Recurrence of jaundice, February, 1939. Severe 
hemorrhagic diathesis, hematomas of abdominal wall fol- 
lowing simple palpation, prolonged bleeding from ex- 
coriation of pruritic areas. After vitamin K therapy, 
operation with normal hemostasis—usual postoperative 
fall in prothrombin prevented with prompt resumption of 
vitamin K therapy. G. B. No. 448,195. August 11, 19309. 
Carcinoma of pancreas with carcinomatosis; jaundice, 4 
weeks’ durafion. Transient effects of blood transfusion of 
the prothrombin level. Rapid postoperative fall with 
bleeding from the wound after operation, promptly con- 
trolled with vitamin K. C. B. No. 220,097. December 13, 
1939. Obstructive jaundice, cholelithiasis, choledocholi- 
thiasis. Conditioned with bile alone with a satisfactory 
response. Further reinforcement of the blood was ac- 
complished with 6 doses of vitamin K the day before 
operation, thus preventing the postoperative fall ob- 
served in cases L. C. and G. B. 


metabolism of prothrombin. It is interesting 
that in this case only 2 capsules of vitamin K 
were given followed by a rise from 5 to 95 
per cent of normal in 12 hours. Inasmuch as 
Ivy has shown in the experimental laboratory 
that close to three-fourths of the hepatic par- 
enchyma must be destroyed before signs of 
severe insufficiency are manifest, it is not sur- 
prising that propensities for synthesizing pro- 
thrombin may be retained in such instances. 

The crude extracts of vitamin K! have been 
employed in these studies along with the 
newer highly soluble forms of bile which have 
been desiccated in vacuum. The dosage that 
seems to be universally satisfactory is one 
capsule—t1ooo curative units, Thayer-Doisy 
method—with 1 capsule—o.32 gram—of bile 
3 times a day. When the oral route cannot be 
utilized, this mixture is given by drip in sus- 


1Vitamin K in oil—Parke-Davis and Co. 
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pension with a stomach tube. In many in- 
stances the normal metabolism of prothrom- 
bin may be restored by giving bile alone. Case 
L. C. and C. B. in Figure 5 illustrate the 
remarkable improvement that may be ob- 
tained in the prothrombin clotting activity by 
the administration of bile alone. This makes 
it apparent that it is extremely difficult to 
evaluate individually the efficacy of certain 
of the synthetic preparations when they are 
given with bile. Attempts to evaluate com- 
paratively certain of the new synthetic prepa- 
rations, such as 2 methyl, 1, 4 naphthoquinone 
have not been conclusive. The _ beneficial 
results frequently observed in the past from 
viost_rol (5) undoubtedly may be attributed 
to the bile which was always given with it. 
We have encountered one patient who did 
not improve on quinone therapy but showed 
remarkable improvement when vitamin K in 
the crude form was given. Rhoads and Flie- 
gelman (20) used 2 methyl, 1, 4 naphtho- 
quinone in the treatment of prothrombin 
deficiency in 10 patients. One case in this 
series likewise failed to respond to the oral 
administration of the synthetic vitamin but 
improved rapidly when the crude product 
was given trial. 

It is evident at once in studying these pa- 
tients that the immediate postoperative period 
requires careful watching, as there is often a 
marked drop in the prothrombin level which is 
thought to be due to utilization of prothrom- 
bin in the wound, loss of blood, anesthetic 
agent, and trauma to the liver. The post- 
operative fall which has been so dangerous in 
the past may be prevented by an adequate 
preoperative preparation. Cases L. C. and 
G. B. illustrated in Figure 5 are two examples 
in which there was a rapid fall in the pro- 
thrombin activity following operation and in 
each instance serious complications were 
averted by the administration of vitamin K. 
In one of the cases there was bleeding from 
the wound which promptly stopped. It should 
be noted that this case was not prepared with 
vitamin K but rather with two blood trans- 
fusions. After transfusion, prothrombin in- 
crease is simply additive and the beneficial 
effects may last as little as 12 hours. This is 
borne out here in that there was a rapid fall 


in the prothrombin resulting in hemorrhage 
from the wound on the third postoperative 
day. Conserved blood loses approximately 
50 per cent of its prothrombin in 5 or 6 days 
and therefore should not be used for this pur- 
pose when other sources are available (21). 
The usual postoperative fall has been pre- 
vented in Cases L. B. and C. B. by the ad- 
ministration of vitamin K up to the time of 
operation. Eight patients have been encoun- 
tered who may be classified as desperate risks 
from the standpoint of their marked bleeding 
tendency. One of these patients, L. B. was 
observed to soak an entire towel with blood in 
an attempt to stop the intractible hemorrhage 
from simple excoriations of pruritic areas. In 
every instance they have had a convalescence 
completely free from bleeding after prepara- 
tion with vitamin K. There have been sev- 
eral with normal or slightly increased Ivy 
bleeding times who were later shown to be in 
the ‘‘danger zone” with a test of the pro- 
thrombin activity. 


SUMMARY 


The mortality accompanying operations on 
jaundiced patients may be materially reduced 
by careful attention to the details of pre- 
operative and postoperative care. The in- 
coaguability of the blood frequently observed 
in this group of patients is due to a prothrom- 
bin deficit. Prothrombin is one of the serum 
proteins and like other serum proteins is sup- 
plied by the liver. A prothrombin test, there- 
fore, is simply a test of liver function and 
parallels other tests as an index of liver dys- 
function. Avitaminosis K is not so much a 
deficiency disease as it is a condition due to 
faulty absorption and is responsible for a 
demonstrable fall in the blood prothrombin 
which is manifest clinically in a tendency to 
bleed. The most common cause of hypopro- 
thrombinemia is the absence of bile in the in- 
testine, a condition common in the various 
forms of obstructive jaundice and other re- 
lated conditions. Repeated administration of 
intravenous fluids in the presence of hemor- 
rhage and the continued aspiration of bile 
from the gastrointestinal tract by the Wan- 
gensteen suction apparatus are conditions 
where a test of the prothrombin clotting 
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activity should be done. The usual bleeding 
tests of Duke and Ivy are not dependable in 
detecting this deficiency, while the bedside 
test of Smith has proved to be highly satis- 
factory for clinical purposes. The fact that 
the prothrombin level of the blood may be 
reduced to hemorrhagic levels by the adminis- 
tration of hepatoxic substances makes it ap- 
parent that the liver plays an important réle 
in the metabolism of prothrombin. Clinically, 
it would appear that the ability to synthesize 
prothrombin may be retained in a certain 
number of cases even in the presence of ex- 
tensive cirrhosis and of metastatic carcinoma 
of the liver. 

Therefore, as in the past, the prime objec- 
tive in the treatment of obstructive jaundice 
is the restoration of the patency of the biliary 
ducts and the protection of the hepatic paren- 
chyma. To attain this latter objective, a high 
protein and high carbohydrate diet should be 
given. Attention to other vitamin needs will 
enhance the state of general nutrition, cardiac 
reserve—vitamin B—resistance to infection— 
vitamins A and D—and the healing of the 
wound—vitamin C. Difficult surgical pro- 
cedures can be successfully accomplished only 
if bleeding is well controlled. A new light thus 
shed on an enigma of the past gives hope of 
materially reducing the risk of surgical opera- 
tions which are performed upon jaundiced 
patients. 
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THE CLASSIFICATION OF GASTRIC CARCINOMA 


RUDOLF SCHINDLER, M.D., PAUL E. STEINER, M.D., WILLIAM M. SMITH, M.D., 
Chicago, Illinois 
MORRIS E. DAILEY, M.D., San Francisco, California 


HE purpose of this paper is to discuss 

the possibilities of a useful classifica- 

tion of gastric carcinoma. At the 

present time there is no classification 
of gastric carcinoma which has been generally 
accepted or which has a definite bearing on 
the ultimate prognosis and on the treatment. 
Study of other tumors formerly considered to 
be an entity, as forjinstance, brain tumors (1), 
lung tumors (13), has proved that classifica- 
tion may be useful. Gastric carcinoma prac- 
tically is considered a uniform entity and few 
attempts have been made to determine opera- 
bility, irradiation sensitivity, or final prog- 
nosis according to types. Microscopic ‘‘grad- 
ing” has been attempted occasionally, espe- 
cially according to Broder’s critevia, and it 
has been stated that carcinomas, as tiiey are 
microscopically of “grade 1” or ‘‘grade 2,” 
give a much better ultimate prognosis than 
the other ones (11). 

However, from theoretical considerations as 
well as from the practical experiences it should 
be obvious that gastric carcinoma is not an 
entity. It cannot be expected that tumors 
originating from the surface epithelium will 
develop in the same way as do those originat- 
ing from the glands. It is well known that 
some tumors may grow to a large mass, the 
size of a fist or even larger, and still give an 
excellent surgical prognosis, while other tu- 
mors prove to be extremely malignant even 
though they are only a few square centimeters 
in size. It is not known what makes the differ- 
ence between these two classes of tumors. 
From mere speculation one would expect that 
the microscopic structure would be decisive 
for the development and ultimate prognosis of 
a tumor. Such a speculation, however, has to 
be verified by facts, and this has not yet been 
done. But it is obvious that microscopic cri- 
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teria as employed in former descriptions of 
gastric carcinoma have no relationship either 
to the macroscopic type or to the ultimate 
prognosis of the tumor. Sharply walled off 
tumors, which may be operated upon with 
excellent results, may be well differentiated 
adenocarcinomas and undifferentiated me- 
dullary carcinomas as well. 


MICROSCOPIC CRITERIA 


The idea that there might be a correlation 
between the histological structure of tumors 
and their clinical behavior was considered by 
Hansemann. With increasing deviation from 
the normal structure he thought that the ma- 
lignancy should increase. Broders (3) intro- 
duced | ‘stological criteria by which tumors 
might be graded. At first they were applied 
only to tumors originating from stratified 
squamous epithelium, but later they were 
applied to tumors of transitional epithelium 
(4). Martzloff applied a modified set of cri- 
teria to cancers of the cervix uteri, as did 
Hueper. The grading of epidermoid carci- 
nomas has become firmly established (19, 20). 

In the meantime attempts at the grading of 
cancers of glandular epithelium lagged, al- 
though Greenough had made a study of mam- 
mary cancer; Stewart and Spies had studied 
rectal cancer; and Whipple and Raiford had 
worked on the grading of gastric carcinoma. 
With the exception of rectal cancer (5) the 
correlation between deviation from the normal 
histological structure and the clinical malig- 
nancy of glandular tumors was not very great. 

Too much credit cannot be given to Haag- 
ensen for his critical and scientific approach 
to the problem of how criteria for grading may 
be established. Instead of grading cancers of 
the breast according to preconceived ideas as 
to what histological changes should be given 
weight, he systematically tested each possible 
criterion against the known end-result in the 
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patients. By so doing he was finally able to 
state exactly which changes are evidence of 
high malignancy. One important result of 
this approach was that certain changes, such 
as fibrosis, which had been considered to be 
evidence of resistance to tumor growth, were 
disqualified as not being important in esti- 
mating malignancy, at least in breast cancer. 
The amazing thing is that this included cri- 
teria which had been accepted without serious 
question, but also without scientific testing, as 
valid since the beginning of the microscopical 
study of tumors, about a hundred years ago. 
In retrospect the error is clear. It is a psycho- 
logical carry-over, without question, of what 
is known to be true in infectious disease and 
repair, in which process fibrosis is usually evi- 
dence of resistance on the part of the host. 
Haagensen similarly disqualified other criteria 
which had previously not been tested criti- 
cally. 

A preliminary grading of about two hun- 
dred gastric cancers has been made by us, 
without having recourse to the critical testing 
of the validity of criteria, which Haagensen 
used. Our experience showed that by the use 
of preconceived standards of malignancy, to 
be cited, gastric cancer could not be profitably 
graded histologically. There was no important 
difference in the histological grade of tumor 
in 8 patients whose clinical course from the 
onset of symptoms to death covered less than 
2 months, when compared with a group of 12 
patients whose clinical course covered 18 
months or longer. That there was no correla- 
tion between the grouping of these patients 
when compared with their macroscopic type 
will be discussed later. 

In the histological grading of these gastric 
carcinomas the main reliance was placed on 
the degree of deviation from the normal gas- 
tric gland structure. Additional evidence, 
which was used in the finer grading, was de- 
rived from a study of the degree and manner 
of infiltration of the carcinoma into the true 
muscle layers and also from the nature of its 
lateral growth as seen at the advancing mar- 
gins. This latter point is closely related to the 
macroscopic appearance. 

The following criteria were accepted for the 
4 different grades. 
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Grade 1. The structure deviates enough 
from that of normal gastric mucosa and from 
that of benign polyps to be highly suspicious 
of malignancy, but proof of malignancy in the 
form of invasion through the muscularis 
mucosae or of metastasis is not at hand in the 
sections examined. Otherwise this is the same 
as Grade 2. 

In other words, there is neoplasia, minimal 
anaplasia, but no proof of heterotopia. 

Grade 2. Well formed glands are present al- 
though they are increased in size and com- 
plexity, with some tendency for the cells to 
pile up, some hyperchromatism of nuclei with 
an increase in the number of mitotic figures, 
some loss of basal polarity of nuclei, and some 
variation in size of nuclei and of total cell size 
from cell to cell. There is infiltration through 
the muscularis mucosae or beyond. Secretory 
activity is variable. 

These, then, are well differentiated adeno- 
carcinomas showing neoplasia, slight ana- 
plasia, and slight to moderate heterotopia. 

Grade 3. The glands are less well perfectly 
formed and the cells show marked deviation 
from the normal in arrangement, size, chro- 
matin content, degree of similarity, number of 
mitotic figures, etc. Focal areas may be al- 
most totally undifferentiated. 

These are less well differentiated adeno- 
carcinomas showing neoplasia, moderate to 
marked anaplasia, and heterotopic growth. 

Grade 4. Glands are extremely poorly 
formed or not formed at all. The cells are 
highly anaplastic and organoid arrangements 
and appearances are nearly or completely lost. 

These are highly anaplastic neoplasms 
showing heterotopia. 

In otherwise borderline cases if the advanc- 
ing margin was sharp the lower grade was 
given. Similar weight was given if the deep 
penetration was slight and sharp. Conversely, 
diffuse widespread infiltration laterally or 
deeply determined a higher grade, other fea- 
tures being equal. 

As mentioned this histological grading 
apparently failed to correlate with the clinical 
malignancy, but this apparent failure is not 
to be interpreted as a condemnation of histo- 
logical grading. Rather it indicates that our 
preconceived standards were not adequate to 
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reveal the malignancy of the cases. Obviously 
other criteria for the malignancy must be 
sought and this is now under study. Three or 
four different types of epithelial cells exist in 
the stomach. Theoretically each of these has 
its own cancers although to date they have not 
yet all been identified. A tumor originating 
from the mucous neck cells of the gastric 
mucosa might inherently reproduce tubular- 
glandular structures, whereas a tumor com- 
posed of gastric parietal cells might grow more 
solid. Obviously criteria such as the perfect- 
ness of gland formation cannot be applied 
equally to both tumors in grading them. 
Nevertheless, this is what we have been 
attempting to do in the case of many tumors. 
The studies of neuropathologists on intra- 
cranial tumors indicate that perhaps histo- 
logical grading of tumors might be more suc- 
cessful if it were preceded by studies on the 
histogenesis. 

Certainly today the fact is well established 
that it is unwise to attempt to use the criteria 
which have proved successful in the histolog- 
ical grading of one tumor im toto and without 
critical testing in the grading of a different 
form of cancer. Furthermore, the best criteria 
can only be established by studying a large 
number of tumors of each type in relation to 
the known biological behavior for those 
tumors. 


MACROSCOPIC CRITERIA 


To the clinician it has been a striking 
fact that the ultimate prognosis of patients 
suffering from gastric carcinoma evidently 
does not depend upon the size of the tumor— 
in extremely large tumors involving almost 
the entire stomach treatment sometimes has 
resulted in complete surgical cure; upon the 
site of the tumor—patients with carcinomas 
of the cardiac region were cured as were those 
with carcinomas of the pylorus, by early sur- 
gery; and apparently not upon the micro- 
scopic structure of the tumor—highly differ- 
entiated tumors, although small, sometimes 
lead to early recurrence after surgical inter- 
ference while apparently very malignant un- 
differentiated tumors were cured completely. 
Furthermore, striking was the fact that gas- 
tric carcinomas grossly have a very varied 


appearance which is unrelated to their micro- 
scopic structure. It became obvious through 
prolonged observation that the macroscopic 
structure is an inherent quality of the tumor 
itself and does not change during the growth 
of the tumor. The morbid pathologist was 
able to find and describe a certain type at 
autopsy but he did not know whether or not 
this structure had undergone changes during 
the lifetime of the patient. The gastroscopist, 
however, was able to observe inoperable tu- 
mors in patients who refused operation at 
intervals and came to the conclusion (16) that 
the gross type of a gastric carcinoma would 
not change during its life history. 

The classical description of the gross types 
of gastric carcinoma is that of Borrmann 
which has been widely adopted especially in 
the description of gastroscopic pictures and 
which has been used for this study. The rare 
forms, such as cancroids, adenocancroids, 
basal cell cancers, carcinosarcomas, chorionepi- 
theliomas, and the like have been omitted 
from the following discussion. 

Type I. Polypoid carcinoma. This type of 
tumor is characterized by a broad base sup- 
porting a hemispherical elevation which is 
solid and the surface of which consists of 
numerous nodes of different size. The edge of 
the growth is sharply limited and often it is 
overhanging in a mushroom-like manner. In 
the gastroscopic picture it is dark red in color 
and is often in striking contrast to the sur- 
rounding atrophic gastric mucosa, which, in- 
stead of being the orange-red of the normal 
mucosa, is gray or greenish-gray and may 
contain visible bluish and reddish blood ves- 
sels. At a late stage shallow erosions of the 
surface of this tumor may develop. It is diffi- 
cult to differentiate this type of tumor grossly 
from large benign adenoma. It grows slowly 
from a bean-sized, benign-looking protrusion 
to the size of a fist and larger, and this devel- 
opment may take 3 years or more. Surgical 
cures of long duration have been observed in 
these cases even if the tumor involved almost 
half of the stomach. Microscopically, pictures 
obtained in this type vary, although usually 
a well differentiated adenocarcinoma is found 
if the grading described is applied. Often 
grade 2 and sometimes grade 1 will be found, 
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but it is surprising that in some cases grades 
3 and 4 might be observed and that in spite 
of this fact excellent results from surgery may 
still be obtained. One of the cases was seen to 
have developed on the soil of pernicious 
anemia, which had preceded the formation of 
the tumor by 8 years (See Case 1). In another 
case histamine proved anacidity and contin- 
uous epigastric distress to be interpreted as 
the symptoms of a chronic atrophic gastritis 
had preceded the very first appearance of the 
tumor by 5 years. 

The type I gastric carcinoma is found in 2.9 
per cent of all cases. 

Type II. Noninfiltrating carcinomatous 
ulcer. This form consists of an ulcer which is 
usually rather large. Its floor may be smooth 
or it may be covered with necrotic tags. Its 
color as seen in the gastroscopic picture may 
be a dirty gray or a brilliant white, brownish, 
purplish, reddish hues being frequently pres- 
ent. Sometimes necrotic, adherent pieces are 
seen floating up and down in the current of 
air introduced during the gastroscopic exami- 
nation. This ulcer is surrounded by a thick, 
high, usually nodular wall which is limited 
sharply toward the surrounding gastric mu- 
cosa and which slopes steeply toward it. In 
some cases the wall may be missed at some 
portions of the edge of the ulcer. But then 
the growth is still perfectly sharply limited. 
If the growing of this tumor is observed with 
a gastroscope, it will be seen that the wall may 
rapidly become thicker, but it has not yet 
been observed that it ever becomes infiltra- 
tive. Until now it seems that it always retains 
the perfectly sharp limitation, even if the 
tumor grows so large as to involve almost all 
of the stomach. In most cases metastases are 
found only at a very late stage, and although 
the tumor may invade neighboring organs as 
the liver or the colon, even then its advancing 
border shows sharp limitation. It sometimes 
is surprising to see what gratifying cures sur- 


gery may give in these tumors even if the 


tumor cannot be called a small one. The mi- 
croscopic structure varies a great deal. Some- 
times grade 2 may be seen but more frequently 
entirely undifferentiated forms of grade 4 will 
he found; nevertheless the tumor is not in- 
vasive. The surrounding mucosa often differs 
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from that found in type I. It sometimes seems 
to be rather normal grossly as well as micro- 
scopically. But although this type of tumor 
frequently has been described as carcinoma 
originating on the soil of benign ulcer, the 
existence of carcinomatous degeneration in 
benign ulcer remains to be proved conclusively 
(14). At the present time it seems that there 
is no relation between this form and the 
chronic benign gastric ulcer. 

The type II carcinoma has been found in 
17.6 per cent of all cases. 

Type III. Infiltrative carcinomatous ulcer. 
In this type an ulcer is found to lie in the 
center of a marked elevation. At one side of 
it a wall may be found which may be either 
smooth, or, more frequently, nodular. It does 
not slope so steeply toward the normal mucosa 
as in type II because there is a gradual infil- 
tration into the surrounding mucosa. This 
wall never surrounds the entire ulcer. At that 
part of the edge in which no wall is found the 
ulcer, at gastroscopic examination, blends 
gradually with the surrounding gastric mu- 
cosa, which then often presents irregular nodes 
and nodules and stiff infiltration which micro- 
scopically are shown to be the result of carci- 
nomatous infiltration. The noninvaded gas- 
tric mucosa usually shows definite signs of in- 
flammation. Microscopically all grades and 
forms may be found. Type III carcinomas 
occur in 16.3 per cent of all cases. 

Type IV. Diffuse infiltrating type. The gas- 
tric wall is diffusely infiltrated, and neither 
with the eye at gastroscopy nor at the inspec- 
tion of the gross specimen, nor by palpation 
will any sharp limitation be found anywhere. 
Shallow or deep ulcerations are frequent, and 
gastroscopic as well as x-ray examination 
teaches that such ulcers may heal for some 
time, other ulcers developing at other places 
of the carcinomatous infiltration. It seems 
that this type of tumor starts as a diffusely 
infiltrating one and that it has no tendency 
at any time to become limited. Microscopi- 
cally while all forms and types may be found, 
undifferentiated forms are the most frequent. 
Occasionally even a grade 1 carcinoma may be 
seen which belongs to the gross type IV. 

This type occurs in 63.2 per cent of all 
cases. 
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Fig. 1. Gross specimen of a polypoid carcinoma, type I, 
described in Case 1. The tumor developed in a case of per- 
nicious anemia, and resection led to a 7 year cure. 


In addition to this description two points 
should be mentioned, namely: that Konjetzny 
subdivided the type IV into the 2 groups, 
taking out from the Borrmann classification 
those cases in which the entire stomach is in- 
filtrated (leather bottle stomach). Further- 
more, the authors are not convinced yet that 
in the future the types III and IV will have 
to be separated. It is possible that their 
clinical behavior is alike and in contrast to the 
type I and II carcinomas. Perhaps only a 
type III should be used in descriptions of gas- 
tric carcinoma, namely, that group which in- 
filtrates diffusely. 

CASE REPORTS 

In order to give an idea of the different 
prognosies and development of these forms 3 
case histories will be rendered briefly of a 
type I, II, and IV carcinoma respectively. 

Case 1.! This case has been briefly described else- 
where (15) (No. 32830). A 58 year old male devel- 
oped pernicious anemia in April, 1926, and responded 
well to liver therapy. In November, 1926, a gastric 
tumor was demonstrated at x-ray examination. A 
pedunculated polyp, 6 by 4 by 5.3 centimeters was 

1We owe the history of this exceptional case to Dr. W. L. Palmer. 


Fig. 2. Microscopic section through the type I carci- 
noma shown in Figure 1. In this section rather irregular 
tubule formation with coherent sheets of carcinomatous 
cells is seen, and therefore this tumor would be a grade 3 
carcinoma. 


removed, and the base was cauterized. Sections of 
the polyp disclosed adenocarcinoma, but no tumor 
cells were found in the pedicle. The patient con- 
tinued well under liver therapy. In the spring of 
1934 the patient noted unusual hunger which oc- 
curred before meals and before bedtime and which 
was relieved by the taking of food. X-ray examina- 
tion disclosed a polypoid, intraluminal mass. A sub- 
total gastrectomy was performed in June, 1934, by 
Dr. Dallas B. Phemister. A large fungating mass 
was found on the greater curvature of the stomach. 
The gross specimen is shown in Figure 1. The bulk 
of the tumor consisted microscopically (Fig. 2) of 
many regular tubules with several layers of cells. 
The nuclei of these cells are rather pale and irregular. 
Many mitoses are seen. In many places of this sec- 
tion there are no tubules but coherent sheets of 
carcinomatous tissue. The mucosa adjacent to the 
tumor contains tremendous lymphocytic infiltration, 
proliferation of the surface epithelium, and some 
atrophy. At a distance from the tumor there is no 
atrophy. The Brunner glands are well developed, but 
extensive pathological lymphocytic infiltration with 
enlarged lymph follicles is seen everywhere. At 
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Fig. 3. 


several places the Brunner glands penetrate through 
the thickened muscularis mucosae and reach into 
the submucosa without showing any malignant 
changes (Fig. 3). Some apparently normal Brunner 
glands are seen isolated within the submucosa. But 
at one place at which the Brunner glands penetrate 
the muscularis mucosae, also, there is a definite ma- 
lignant degeneration exactly at the level of the 
muscularis mucosae, and from there many carci- 
nomatous tubules spread within the submucosa 
(Fig. 4). Here the carcinoma has a different aspect, 
the lumen of the tubules is wider than in the other 
sections. The cells lining the lumen are flat, con- 
taining more chromatin than those described before, 
and the wide lumina contain colloid substance. In 
these pictures one gets the impression of a multi- 
centric origin of this carcinoma. On the other hand, 
within the mucosa the limit between the tumor and 
the noninvaded mucosa is perfectly sharp (Fig. 5). 
The lymph glands are not invaded, but carcinoma- 
tous tubules are seen in the mesentery. 

This obviously is a type I carcinoma which 
microscopically presents various pictures; if 
grading were attempted this should be called 
a grade 3 carcinoma. Nevertheless, the pa- 
tient is still alive 7 years after the removal of 
the tumor. 


Case 2.1 In 1935 Dr. S. S. Berger saw this patient 
because of repeated hemorrhages and found at exam- 
ination a carcinoma which involved practically the 
entire stomach. In spite of this fact he decided to 
give the patient a chance and referred him for sur- 
gery. A total gastrectomy was carried out by Dr. 

'We owe this remarkable case to Dr. Samuel S. Berger, of Cleveland- 


We are indebted for the pathological material and description to Drs. 
\. A. Berg and Paul Klemperer, both of New. York. 


Microscopic section taken from the surroundings of the polypoid type I, 
grade 3, tumor pictured in Figures 1 and 2. In this section there is definite atrophic 
gastritis present; the gastric glands are reduced in amount and the gastric mucosa is 
thinned with extensive small cell infiltration, especially at the left border of the picture. 
At the right border of the picture Brunner glands penetrate the muscularis mucosae 
without presenting any signs of malignancy. 


A. A. Berg, of New York. The stomach was removed 
from the cardiac end at the junction with the esoph- 
agus on the right across the top of the fundus, leav- 
ing a small sliver of the fundus of the stomach for 
anastomatic purposes. This procedure was _per- 
formed on January 31, 1935. The patient was alive 
and in good health on September 11, 1940, 514 years 
later. 

Dr. Paul Klemperer reported that according to 
the macroscopic description the tumor was sharply 
limited grossly. On microscopic sections the gastric 
mucosa does not look definitely atrophic. There is 
some infiltration between the body glands consisting 
especially of plasma cells. The sharp limitation of 
the carcinoma is very well seen in the microscopic 
section (Fig. 6). The tumor is surrounded by a large 
area of inflammatory tissue containing numerous 
leucocytes and lymphocytes with the production of 
a kind of wall of connective tissue. The carcinoma 
itself is an alveolar adenocarcinoma, highly differen- 
tiated, however. The cells of the tubules are of a 
very irregular size lying often in several layers. The 
nuclei are of rather irregular shape and size with 
little chromatin. The lymph glands are not involved. 

This carcinoma could be called a grade 2 
carcinoma microscopically. We consider the 
case as characteristic of a type II Borrmann 
carcinoma. Although it involved the whole 
stomach it was grossly and microscopically 
sharply limited, and total gastrectomy led to 
a five year cure. 

CASE 3. This case has been reported elsewhere 
with pictures of the roentgenological findings, gross 


specimen, and microscopic findings (17). But the 
outcome of the case was not vet known at that time. 
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Fig. 4. Another section of the surroundings of the type I, 
grade 3 carcinoma shown in Figures 1 and 2. In this sec- 
tion no atrophy is visible, although the case is one of per- 
nicious anemia; but there is small cell infiltration between 
the glands and development of abnormal lymph follicles 
between the necks of the glands. These features give the 
impression of a hypertrophic type of gastritis. In the center 
of the picture the Brunner glands penetrate the muscularis 
mucosae, which here is split up in separated bundles. At 
the point of the penetration carcinomatous tubules appear 
and at the bottom of the picture the fully developed car- 
cinoma is seen. 


A man aged 57 had suffered from epigastric distress 
for 1 year, and the analysis of the case suggested 
that his distress had been the result of an atrophic 
gastritis, later found microscopically. At the routine 
examination the roentgenologist, Dr. Frederic Tem- 
pleton, found a sharply circumscribed crater of the 
pylorus; and at gastroscopy the diagnosis of a very 
small pyloric carcinoma was definitely made. 
Atrophic gastritis of the antrum was observed. On 
June 16, 1938, a gastrectomy was performed, but 
the surgeon was not able to feel a distinct tumor and 
therefore he made only a rather small resection. 
Microscopically a carcinoma of minimal size (8 mm. 
wide and o.5 to 2 mm. deep) was found. This carci- 
noma did not show any sharp limitation but emerged 
imperceptibly from the atrophic gastric mucosa. 


Microscopically almost no formation of tubules was 
seen. The tumor cells formed solid nests with a scant 
stroma (Fig. 7). The mucosa around the tumor 
showed severe atrophy. The patient recovered and 
was doing all right until May 18, 1940. On this day 
he was hospitalized because of loss of weight and 
general weakness. No recurrence was found in the 
stomach, but he died from recurrent carcinoma of 
the peritoneum on July 14, 1940. 


This was a type IV carcinoma, and although 
it was the smallest gastric carcinoma we have 
ever diagnosed and although it was found in- 
cidentally as the result of a careful routine 
examination, the patient died from recurrence 
of his carcinoma after two years. It is our 
opinion that this case cannot be used to prove 
that the very malignant type IV carcinomas 
cannot be cured even if they are operated 
upon at an exceptionally early stage. We be- 
lieve that it is entirely possible that a com- 
plete cure might have been obtained if the 
surgeon had carried out a large Finsterer re- 
section with extirpation of a large amount of 
omentum and of the greater portion of the 
stomach. That such a cure is possible, how- 
ever, remains to be proved. 

RESULTS OF STUDY 

The comparison of the three cases shows 
that unusually large type I and type II carci- 
nomas may be cured completely by surgical 
interference but that unusually small type 
IV carcinomas might recur and lead to death 
even if the earliest possible surgery is per- 
formed, if this surgical interference does not 
consist of a very extensive resection. 

Comparative studies of gastroscopic ob- 
servations and microscopic examinations have 
been made. They have been supplemented by 
comparative studies between the gross aspect 
of autopsy material and the microscopic sec- 
tions. The results of these studies will be 
found on Table 1. This material, however, is 
misleading to a certain extent since such 
studies became possible especially in resect- 
able cases. Therefore, the benign types I and 
II seem to be rather frequent as compared 
with the previously given general statistical 
data. The comparison, however, between the 
macroscopic and microscopic grades should be 
valid. It will be noted that the grade 2 carci- 
nomas are rather evenly distributed over all 
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Fig. 5. Microscopic section through the edge of the type I, grade 3 carcinoma 
pictured in Figures 1 and 2. At the left side inflamed gastric mucosa is seen. At 
the right side the tubular carcinoma is demonstrated. The limit is a perfectly sharp 
one, 


macroscopic types. However, 21 of 23 type 
IV carcinomas belong microscopically to 
grade 4. It naturally was not possible to have 
a complete follow-up of all these cases. Some 
of them died after the operation, and in others 
the time elapsed since the operation is not 
long enough to permit any conclusions. It 
seems to us rather characteristic, however, 
that 2 patients who had suffered from type I 
carcinomas are still alive, the one after a 
period of 7 years and the other after 24 
years; that 1 of the grade 2 tumors which be- 
longed to the Borrmann type II led to an 
apparent cure, since the patient is still alive 
after 2% years and without any sign of recur- 
rence clinically, roentgenologically, and gas- 
troscopically; but a patient having a grade 2 
carcinoma which belonged to the Borrmann 
type IV had at the operation many lymph 
nodes, all of which exhibited carcinomatous 
invasion; and he died 2 years after the opera- 
tion from recurrence. It is notable, further- 
more, that so many type II carcinomas are 
found to be microscopically grade 4 tumors. 
If only the grade 1 and 2 tumors would give a 
good surgical prognosis, the outlook for sur- 


gery of gastric carcinoma would be a dark one, 
since these tumors are so rare. But we feel 
that type II tumors belonging to grades 3 and 
4 do not give a bad prognosis, do not develop 
early metastases, and may lead to satisfactory 
end-results. It should be stated that we have 
not yet seen acure of atype III or IV carcinoma. 





Fig. 6. Microscopic section through the edge of the 
type II, grade 2 carcinoma described in Case 2. The per- 
fectly sharp limitation of this carcinoma toward the sur- 
rounding gastric mucosa is well seen. Although this carci- 
noma involved the entire stomach total gastrectomy led to 
a 6-year cure. 
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Fig. 7. Microscopic section through the type IV, grade 4 
carcinoma described in Case 3. This section shows the 
greatest thickness of the tumor, which here is 2 millimeters 
deep. Although this carcinoma was unusually small (8 by 
2 mm.) the patient died 2 years later from recurrence. 


But it will not be contended that such a cure 
is never possible. It is obvious that the ma- 
terial presented is much too small to permit 
any definite conclusions. However, ‘clinical 
course’ should not be confused with surgical 
cure. It may be that patients suffering from 
inoperable type IV carcinomas may live quite 


TABLE I.— COMPARISON BETWEEN MACROSCOPIC 
TYPES AND MICROSCOPIC GRADES IN 50 
CASES OF GASTRIC CARCINOMA 


Microscopic grades 





Macroscopic types 











Type I e : , 7 
Type II | = i * ‘ : —— 
Type Ill i eae a 4 ae | - “ — 
eee wha Et 
Totals . =) “a & -— tae 








some time—2 years or more—and that pa 
tients with resectable and curable type I and 
type II carcinomas may live only a short time 
if they are not operated upon at an early stage. 
It is our opinion that the retrospective analysis 
of the duration of a carcinoma until the death 
of its bearer does not permit any conclusion 
concerning the original surgical prognosis of 
the same case. It is the purpose of this paper 
to stimulate research about the relation o/ 
types of gastric carcinoma to the ultimate 
surgical prognosis. It seems to us possible 
that macroscopic diagnosis of types or histo- 
logical examination—which, however, will 
have to be based on entirely new principles— 
may lead to the establishment of a surgical 
prognosis before the surgical interference. 
CONCLUSIONS 

1. Classification of gastric carcinoma with 
consideration of its ultimate prognosis should 
be attempted. 

2. Histological criteria according to the 
usual conceptions, especially grading, seem 
not to have a direct correlation to the gross 
appearance of gastric carcinoma, to its clinical 
course, or to its surgical curability. Therefore, 
new attempts should be made to find histo- 
logical criteria in better accordance with those 
factors. 

3. Gross classification, as suggested by 
Borrmann, has proved to be satisfactory. 
Four gross types have been distinguished; the 
third and fourth of them may later be joined 
in a common group of infiltrative carcinomas. 
The first group is that of the circumscribed 
polypoid growth, the second: that of the 
sharply limited non-infiltrating carcinomatous 
ulcer. 

4. Histological grades and gross types of 50 
gastric carcinomas have been compared and 
tabulated. ' 

5. The preliminary impression that the 
gross types I and II often give excellent end- 
results after surgical interference, while the 
infiltrating types III and IV are unfavorable, 
requires confirmation by extensive research. 
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THE PREVENTION OF POSTOPERATIVE PNEUMOCOCCUS 


(TYPE 1) PNEUMONIA BY MEANS OF THE 
PROPHYLACTIC USE OF SULFAPYRIDINE 


An Experimental Study 


LEW A. HOCHBERG, M.D., BERT B. HERSHENSON, M.D., LOUIS WINKELMAN, M.D., 
and DANIEL RIVKIN, B. S., Brooklyn, New York 


HE frequency with which the sur- 

geon encounters postoperative pneu- 

monia or pneumonitis in patients who 

are in poor pre-operative condition 
has often suggested surgical delay. For similar 
reasons the surgeon and his medical confrere 
have indulged in procrastination in those in- 
stances in which the patient has an upper 
respiratory infection or is recovering there- 
from. Even in those cases in which major sur- 
gical procedures are undertaken under more 
favorable physical conditions, the morbidity 
from postoperative pneumonia creates an 
Acherontic problem in the management of the 
patient after surgical intervention. Coombs, 
in reviewing 5,894 operations, noted 13 lung 
complications with 11 deaths. In these 13 
cases there were 8 instances of pneumonia 
with 7 fatalities. Lyons, in a study of 6,619 
surgical cases, found 63 respiratory complica- 
tions of which number 29 were due to pneu- 
monia. In this latter group 23 terminated 
fatally. Rovenstine and Taylor studied 7,874 
anesthesias. They noted pneumonia in 48 
cases, of which number 31 died. Cutler and 
Scott in 41,368 surgical cases collected from 
the literature encountered 466 cases, 1.12 per 
cent, of pneumonia of which number 215, 
46.1 per cent, died. It is often disheartening 
to the surgeon who performs a difficult opera- 
tion with apparent success, to see the patient 
succumb to postoperative pneumonia. Like 
many other conditions in medicine, the mal- 
ady has been recognized and reduced by 
various measures but still remains a potent 
factor in postoperative morbidity and mor- 
tality. 


* From the Departments of Surgery, Anesthesiology and Labora- 
tories, Jewish Hospital, Brooklyn, New York. 
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Since the successful introduction of chemo- 
therapeutic agents in the treatment of pneu- 
monia, the question arose whether these same 
substances could not be used prophylactically 
in the prevention of postoperative pneumonia 
and, if so employed, whether they would cause 
any reactions which would contraindicate 
their use. Kolmer, in discussing the prophy- 
lactic value of such compounds, states, “That 
the possibilities of the prophylactic value of 
sulfanilamide and its derivatives are worthy 
of careful attention is readily appreciated. But 
final appraisal must depend more on the re- 
sults of carefully conducted animal experi- 
ments than on clinical observations, because 
one cannot be sure in human beings that in- 
fection has or would have occurred. Certainly 
the compounds are rapidly absorbed and elim- 
inated, so that little or nothing is to be reason- 
ably expected from single doses. In other 
words, prophylaxis demands the presence of 
effective concentrations in the blood over at 
least brief periods of time. But this can be 
readily attained and is probably of definite 
prophylactic value.” 

In this communication we propose to record 
our observations on the prophylactic use of 
sulfapyridine in the prevention of postopera- 
tive pneumococcus (type 1) pneumonia in 
dogs; secondly, to note the blood changes be- 
fore, during, and after the administration of 
sulfapyridine, and to conclude therefrom 
whether any contraindications exist to the use 
of this chemotherapeutic agent in the preven- 
tion of postoperative pneumonia. In order 
to evaluate properly the results obtained in 
these experiments it was deemed advisable to 
subject each animal to the following three 
procedures, allowing a 3 to 4 week interval 
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between stages: (1) A simple abdominal lapar- 
otomy with manual manipulation of the vis- 
cera; (2) a simple gastrostomy in an animal 
premedicated with sulfapyridine and sub- 
jected postoperatively to an intrabronchial 
insufflation of a virulent culture of pneumo- 
cocci; (3) an intrabronchial insufflation of a 
similar culture of pneumococci in an animal 
not premedicated with sulfapyridine. 

In this study 5 normal healthy dogs weigh- 
ing between 18 and 28 pounds were used. The 
following blood studies were made during the 
experiments to be described: (a) oxygen con- 
tent and carbon dioxide content of both ar- 
terial and venous whole blood, (b) determina- 
tions of hemoglobin, total red and white blood 
cells per cubic millimeter of blood, a differen- 
tial white blood cell count and total sulfa- 
pyridine in those instances in which the drug 
was administered. These latter studies were 
performed on venous blood. In all cases the 
blood was taken from the femoral vessels and 
collected under oil. The oxygen and carbon 
dioxide values recorded represent the average 
of two determinations. The Van Slyke-Neill 
manometric method was employed for the 
oxygen and carbon dioxide determinations. 
Total sulfapyridine was determined by the 
Marshall and Litchfield method. 


DETAILS OF EXPERIMENTAL PROCEDURE 


Each animal received an intraperitoneal in- 
jection of a 1o per cent solution of sodium 
pentobarbital 30 minutes before operation, 
containing the equivalent of o.1 grain of the 
salt per pound of body weight. The femoral 
vessels were exposed. In some instances the 
premedication was supplemented by local in- 
filtration of a 1 per cent novocain solution be- 
fore the vessels were exposed. Arterial and 
venous punctures were made to obtain blood 
for the studies. The animal was then anesthe- 
tized with cyclopropane and oxygen by a closed 
inhalation method. Water’s to and fro carbon 
dioxide absorption technique was used. When 
the midsurgical stage of anesthesia (Guedel’s 
classification) was reached and before the inci- 
sion was made, arterial and venous blood 
samples were again removed from the femoral 
vessels. After 15 minutes of anesthesia, inter- 
vention was undertaken. 
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In the first part of this experiment a lower 
abdominal incision was made and the intestine 
was manipulated for about 5 minutes after 
which the wound was closed in layers. At the 
time the wound was being repaired, samples of 
arterial and venous blood were obtained. At 
the completion of the operation the animal was 
placed in a warm cage on its side. Arterial and 
venous blood samples were subsequently re- 
moved at intervals noted in the accompanying 
tables. The results of these blood studies are 
recorded in detail in part A of each protocol. 

The second part of this experiment was 
performed 3 to 4 weeks after the previous 
stage, at the time when the animal had recov- 
ered completely. On the evening prior to sur- 
gical intervention, the femoral vessels were 
exposed under local anesthesia. Arterial and 
venous blood samples were obtained for the 
studies. A stomach tube was passed and an 
aqueous suspension of sulfapyridine contain- 
ing 1.5 to 2.0 grains per pound body weight 
was introduced into the stomach via the tube. 
The following morning and about 3 hours be- 
fore operation, this procedure was repeated. 
The animal then received the intraperitoneal 
injection of sodium pentobarbital and was 
anesthetized as described. The surgical proce- 
dure at this time consisted of a simple gastros- 
tomy. Blood samples were taken at the same 
intervals as previously described. At the end 
of the operation 1.5 cubic centimeters of an 18 
hour broth culture of pneumococcus type 1 
was insufflated into a main bronchus under 
direct visualization of the bronchus. Approxi- 
mately 100 cubic centimeters of air was used 
to spray the culture into the lung (Birnbaum’s 
modification of the Coryllos-Birnbaum meth- 
od). Following this procedure the animal was 
returned to a warm cage and placed on its 
side. At this time half the amount of sulfa- 
pyridine administered the night before opera- 
tion was introduced into the stomach via the 
gastrostomy tube. Six hours after operation a 
similar dose was administered in the same 
manner. Beginning the following morning 
sulfapyridine was administered via the gas- 
trostomy tube, every 6 hours for 3 days, the 
total daily dose was equivalent to the amount 
administered in the first pre-operative dose. 
Arterial and venous blood samples were ob- 
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tained at the same intervals as under the first 
part of this experiment. The results of these 
studies are recorded under part B of the pro- 
tocols. 

The third part of this experiment was per- 
formed 3 to 4 weeks after the second stage at a 
time when the animal had recovered complete- 
ly. The same procedure was followed as in 
part B except that no sulfapyridine was ad- 
ministered and no operation was performed. 
The animal received an intraperitoneal injec- 
tion of sodium pentobarbital and then was 
anesthetized with cyclopropane and oxygen. 
After 20 minutes of inhalation anesthesia the 
culture of pneumococci was sprayed into a 
main bronchus. The animal was then returned 
to a warm cage. Arterial and venous blood 
samples were taken before the anesthetic was 
administered, during, and after anesthesia. 
The results of these studies and the additional 
blood determinations in this part of our study 
are recorded in part C of the protocols. 

In addition, each animal was studied roent- 
genographically before and after each surgical 
procedure. The findings in these studies are 
also presented in the protocols. 

Since our conclusions as to any contra- 
indications to the prophylactic use of sulfa- 
pyridine will be based chiefly upon the changes 
in the blood accompanying the administration 
of sodium pentobarbital, cyclopropane, and 
sulfapyridine, it would not be amiss to present 
a brief review of the changes seen in normal 
animals under the influence of these medica- 
ments. 

Normal blood constituents and gases. Morris, 
Stelton, Allison, and Green, in a comprehen- 
sive stuay of the normal blood constituents in 
the adult dog conclude that there are 6.2 
million red blood cells per cubic millimeter and 
15.1 grams of hemoglobin per 100 cubic centi- 
meters of blood. The total white blood cells is 
estimated at 11,467 per cubic millimeter with 
a differential white count of 71.8 polymorpho- 
nuclear neutrophils, 21.7 lymphocytes, 5.4 
eosinophils, and less than 1 monocyte per 100 
white blood cells. 

Regarding the normal blood gases, Camp- 
bell and Poulton (3) state that arterial blood 
contains about 20 cubic centimeters of oxygen 
per roo cubic centimeters of blood while 


venous blood contains 13 to 15 cubic centi- 
meters, the normal oxygen content of arterial 
blood being about 95 per cent of its total 
oxygen carrying capacity. These authors also 
state that the arterial carbon dioxide content 
is 52 cubic centimeters per 100 cubic centi- 
meters of blood, whereas the venous carbon 
dioxide is 58 cubic centimeters. In a study of 
the arterial and venous oxygen and carbon 
dioxide content in 15 resting patients, Harrop 
concludes that the oxygen content of arterial 
blood varies between 13.9 and 24.1 volumes 
per cent, whereas the venous oxygen content 
varies from 10.5 to 17.6 volumes per cent. The 
carbon dioxide content of the arterial blood 
ranges from 44.6 to 54.7 volumes per cent, the 
venous being between 48.3 and 60.4 volumes 
per cent. Harrop gives the following figures as 
the limits of oxygen and carbon dioxide con- 
tent of artery and vein!: 


LIMITS OF ARTERY AND VEIN CONTENT 


Oxygen content Carbon dioxide content 


Arterial Venous Arterial Venous 
13.89 10.77 48.13 52.18 
24.08 15.81 50.55 58.74 
15.31 10.52 52.89 55.88 
23.04 17.61 51.76 S7.55 
21.01 13.08 44.58 50.90 
17.19 14.62 54.00 56.71 
eg 15.09 44.84 48.27 
17.87 13.04 55-31 60.43 
Changes induced by sodium pentobarbital. 


Tatum, reviewing the subject of barbiturate 
medication, states that in moderate doses 
there is little effect upon the blood constitu- 
ents. At times, however, it will cause splenic 
engorgement with a resultant dilution of the 
circulating blood. This will produce a decrease 
in the red blood cells and a proportional in- 
crease in the white blood cells of the circu- 
lating blood. Siebert and Thurston have noted 
no significant changes in oxygen consumption 
in those cases in which small doses of barbitur- 
ates were employed. Under larger doses of 
the same drug, i.e., sufficient to produce 
corneal anesthesia, Shapiro observed a pro- 
found lowering of the oxygen consumption. 
From these studies it would therefore appear 
that the lowering of oxygen consumption is 

1The italicized numbers in each column denote the limits of that gas 
pom in the blood vessel. It will be noted that an elevation of the 


lood gas in one vessel is not necessarily accompanied by a corresponding 
or proportional change in the other vesse. 
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proportional to the dosage of barbiturate. In 
moderate dosage of the drug the carbon 
dioxide capacity and content shows some de- 
gree of increase (22). This is due in all proba- 
bility, to the alkalinity induced by the soluble 
barbiturate. If on the other hand large doses 
are used, sufficient to cause respiratory de- 
pression, an acidosis may be produced with a 
resultant increase in the carbon dioxide con- 
tent of the blood. 

Changes induced by cyclopropane. Taylor and 
Waters (29) have shown that a leucocytosis 
takes place following cyclopropane anesthesia 
which is essentially the same as that of any 
other anesthetic agent. The total number of 
white bloodcells following an abdominal sur- 
gical exercise (under cyclopropane anesthesia) 
may rise from normal to about 25,000 per 
cubic millimeter. The increase in cells is 
chiefly in the polymorphonuclear leucocytes— 
rising from 60 per cent to approximately go 
per cent. The maximum rise is effected in 8 
hours and does not return to normal for 2 or 
3 days. This opinion is shared by Waters and 
Schmidt (34), who further add that “‘erythro- 
cyte counts have been made before, during, 
and after cyclopropane anesthesia. Little 
change in the number of red blood cells was 
noted.” 

Waters (33), in presenting an analysis of 
arterial and venous blood gases before and 
during cyclopropane and oxgyen anesthesia, 
observes that during anesthesia the concen- 
tration of oxygen in the veins is almost as 
great as within the arteries. Robbins and 
Baxter, studying arterial oxygen and carbon 
dioxide in g dogs, noted that while the animal 
was awake the average arterial oxygen con- 
tent was 18.2 volumes per cent and the carbon 
dioxide content was 40.5 volumes per cent. 
These same animals under cyclopropane and 
oxygen anesthesia showed an oxygen content 
of 20.6 volumes per cent and a carbon dioxide 
content of 42.7. When the anesthetic was 
deepened to the stage of respiratory arrest, 
the carbon dioxide rose to 52.1 and the oxygen 
fell to 15.2 volumes per cent. 

Changes induced by sulfapyridine. Toomey, 
Reichle, and Takacs studied the effects of 10 
grams of sulfapyridine upon the blood con- 
stituents of normal monkeys weighing ap- 
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proximately 3 kilograms. They conclude that 
“the M. Malatta monkeys showed a decrease 
in the total number of red blood cells and 
their hemoglobin content, an increase in the 
total number of white blood cells and oc- 
casionally a reversal of the leucocyte-lympho- 
cyte ratio... .” Machella and Higgins after 
studying the effects upon the erythrocyte 
count conclude that ‘‘at the end of 1 week (of 
administration of 1 gram of sulfapyridine per 
kilogram body weight) there was no change in 
the erythrocyte count but at the end of the 
second week the mean number of erythrocytes 
was below that observed during the control 
period. .. .” 

A careful search of the literature fails to 
reveal any reference to the oxygen, carbon 
dioxide arterial and venous changes during 
sulfapyridine therapy. Regarding the pres- 
ence of reduced hemoglobin in the circulating 
blood Vigness, Watson, and Spink state that 
“Tt is of interest that over 50 patients have 
been observed while being treated with sulfa- 
pyridine. In but 1 of these patients has cyan- 
osis been noted following sulfapyridine ther- 
apy.”’ Campbell and Morgan (2), however, 
believe it to be more common, and in a study 
of 32 cases of pneumonia treated with sulfa- 
pyridine call attention to the presence of 
methemoglobin in 25 cases. This, however, 
does not imply that the oxygen carrying power 
of the blood was sufficiently reduced to pro- 
duce cyanosis. Regarding the development of 
cyanosis, it is interesting to add the opinion of 
Long and Bliss. They state: ‘‘it does not seem 
to be common in the course of sulfapyridine 
therapy. ... In our experience cyanosis kas 
not been an alarming toxic manifestation and 
can generally be disregarded.” 


PROTOCOLS 


Animal I 

Part A. A male hound weighing 2714 pounds was 
subjected to the three procedures which have been 
described. Following the first part the postoperative 
course was uneventful. Blood studies made during 
this part of the experiment showed the changes 
shown in Table I, Part A. 

Part B. On the twenty-first day after operation 
the second part of this study was performed. For 
the first 2 days after operation the animal ate poorly 
but was otherwise well. On the morning of the third 
day the gastrostomy tube was removed. From that 
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Arterial Venous Arterial Venous Hgb | RBC WBC P L I 
Pre-operative 7 - 37.0 ‘ a | gz.2 7 15 “7 ~ | "5.0 7 22.8 6 : - . ’ ‘8 
During anesthesia ry a 1.7 | “> ig 90.8 ‘ome | j an a | saith: ich - 
End of anesthesia "4 8.5 ane ; 6.9 ” 4.6 / | en nen ieee melee meee 
Half hour postoperative 14 . -_ 7.7 4 44.4 ss | | i (iain Keiiaain anemia 
4 hours postoperative 12.7 37.0 4 45.4 50.3 " 14.6 a s eh 68 , es ae | ici a 
1st day postoperative 13.3 17.2 , ee 0.8 54.8 ¥ . a | a0 * ‘es | “oe 3 _ 
2nd day postoperative 15.4 17.7 44.4 50.7 14.6 " —Ts 7 on 70 | 28 _ : 
3rd day postoperative 13.3 17.5 43.9 49.6 14.8 _ .o a “ a |  - . 
4th day postoperative 14.5 18.2 a 54.2 49.8 14.8 4.8 | 47 8 78 =] | =-— ¢ 
5th day postoperative 14.8 17.7 44.4 | 50.3 14.3 mR 14.8 a 68 28 s ea - 
so and carbon dioxide values are expressed in volumes per cent content. 
tHgb—Hemoglobin in grams per cent 
RBC—Total number (millions) of red blood cells per cubic millimeter. 
P—Per cent polymorphonuclear. 
L—Per cent Coreienntes. 
E—Per cent eosinophils. 
S—Total sulfapyridine in milligrams per cent. 
T! ABLE L —PART B 
Oxygen Carbon dioxide - # Blood constituents 
a 2k eae iia sas - pen S 
Arterial Venous Arterial Venous Hgb | RBC | WBC | P L | E | 
Pre-operative 16.8 12.4 i 42.2 3 “a | n ‘| “12.8 | 60 | a | _ . te 8 - 
During anesthesia 18.1 14.3 44.1 7 9 aia - we 7 | a | — | ~~ ft 
End of anesthesia 18.6 16.2 45.2 54.1 = haa | ae co _ ‘ | ae 
Half hour postoperative 17.1 13.9 44.8 53-3 | 8.0 
4 hours postoperative 17.0 12.6 44.2 gta 13.8 4.0 | "14.8 |} so | 38 | es | 8.7 
ist day postoperative 4 16.2 10.8 44.7 52.6 13.8 | 4.0 | 35.8 | 62 | 6 | i | 8 “ 
2nd day postoperative 15. 11.2 42.8 53.2 13.6 5 | 3.8 | 15.6 59 | 40 | —_ - 8 2 
3rd day postoperative 16.8 13.4 43.5 53-4 13.8 | 3.8 | 15.8 58 2 : tod _ 8 ; 
4th day postoperative 16.2 11.7 43.3 52.9 13.0 | ek oe a | o: | 6 I - 
5th day postoperative 16.9 12.4 | 42.8 52.3 & 13.2 4.2 | 14.8 | 63 35 | 2 | 9 6 = 
TABLE I—PART C 
Oxygen Carbon dioxide Blood constituents 
Arterial Venous Arterial Venous Hgb RBC WBC P | L E 
Pre-operative 17.5 12.4 40.6 50.6 14.6 4.8 : 12.0  63C«dS ies wer 
During anesthesia 20.9 13.8 42.38 53-7 cat jen 
End of anesthesia 21.1 16.3 41.0 54.4 me fn 
Half hour postoperative 18.9 12.3 43.7 55.8 - ae: eis es wee 
4 hours postoperative 16.5 10.8 43.2 54.4 14.2 ? : = a - ‘ 
ist day postoperative 16.2 9.9 45.4 55-7 14.8 : = | —_ I 
2nd day postoperative 4 14.7 8.9 45.9 55.2 4 14.0 24 ae taal 
3rd day postoperative ) 13.2 8.4 46.6 56.2 14.6 7 ra |) r - 
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day on the animal ate better and moved about in a 
perfectly normal manner. X-ray studies of the chest 
made daily for the first 5 days after operation showed 
no abnormal findings. Blood studies made at regular 
intervals showed the changes indicated in Table I, 
Part B. 
Part C. Four weeks later, the third part of this 
study was undertaken. On the evening of the day of 
operation the temperature rose to 104.4 degrees F. 
and the dog appeared sick. The animal refused to 
eat, drank very little, and did not move about. The 
respirations were rapid and shallow. On the third 
day after operation the animal died. Daily x-ray 
studies of the chest showed an advancing right sided 
pneumonia. Necropsy performed on the day of 
death revealed pneumonia of the lower two lobes on 
the right side. Blood studies made during this part 
of the experiment are recorded in Table I, Part C. 


Animal 2 


Part A. A male poodle weighing 25% pounds was 
subjected to the procedures described. Following 
the first part of this experiment the animal’s recovery 





SULFAPYRIDINE TO PREVENT PNEUMONIA 


45 


was rapid with an uneventful postoperative course. 
Blood studies made during this phase of the experi- 
ment showed the changes indicated in Table II, 
Part A. 

Part B. Twenty six days later, the -econd part of 
this experiment was performed. On the evening of 
the day of operation the temperature rose to 103.6 
degrees. Roentgenographic examination of the chest 
8 hours after the operation showed an infiltration of 
the right lung corresponding to the medial part of 
the right middle lobe. On the morning of the first 
day after operation the temperature was t1o1.6 de- 
grees. An x-ray study of the chest made 24 hours 
after surgical intervention showed no further ad- 
vancement of the lesion, and on the next day there 
was complete resolution of the infiltration. The post- 
operative course thereafter was uneventful. The sul- 
fapyridine was discontinued on the evening of the 
third day after operation and the gastrostomy tube 
was removed the following morning. X-ray studies 
of the thorax made after the second day following 
operation showed no changes suggestive of residual 
pneumonic infiltration. Blood studies made during 
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Oxygen Carbon dioxide Blood constituents 
Arterial Venous Arterial Venous Hgb RBC WBC P | L | E 
Pre-operative ; 16.9 Paige ‘a "i \ < ray i ie — 83.2 | 60 34 is 0 oa 
During enesthicain. 17.8 13.7 : aa re) 1 48.6 hima iit erie | _ar 
End of anesthesia - 18.4 14.9 seas 2 > ae: a 7 " ey Mis ek | i 
Half hour postoperative 16 7 14 I : 41.8 1 z $1.2, 1 - , « wre a wes cena 
; hours postoperative 7 - 16.7 a 13.0 P a ; page i on: re os ‘7 3 4 mr a a = 1 25 | ae 
ist day postoperative _ a 15 7 7 12. 3 é. : “) 0.0 a 2.6 2 se | - 18 4 a — ] _ “4 a 
2nd day pesteperative ; : 16 : ‘-— 12 re ; ae sk ~ 7 Ci 12.8 = rey 4 i | 74 | 23 3 
3rd day postoperative a | - 15.5 i Say awe | at 7 8 as 5 ae i a 72 | 25 3 = 
jth day postoperative - 15.9 4 13.0 42 8 < g.r 13. : | "4 6 ia 17.2 a 7° 26 4 
sth day postoperative : 16 % 13.6 y my 47.6 : 12 . : 4 8 = oO < m | 24 ls zi 
TABLE II.—PART B 
Oxygen Carbon dioxide Blood constituents | 
a —————_— 2 i 
Arterial Venous Arterial | Venous | Hgb | RBC | WBC P L | E | 
Preoperative | 8.0 | ot. 3 | 42 | 13.0 | 48 | 12.0 | 33 | «0 | 6 | 66, 
During anesthesia —. - 20 3 - 16.3 ; 43-4 a ; 51 ol : bs 7 ~ ta he | 
End of anesthesia | ag.2 | 87.2 44.7 | 54.2 | | | | | 
Half hour postoperative 19.8 | 14.7 44 o | $3 8 ; i 7 . ee | | | i282 
1 hours postoperative 10.0 13.8 41.7 } 51.0 | 12.0 | 4 8 : 17 ° 7 55 4 = Pa 6 | 7.9 
ist day postoperative } 17.1 15.4 43.2 50.8 | 12.0 4.2 16.2 | 54 1 x | - a | 8.7_ 
nd day postoperative 17.9 a:4 as.8 | 48.6 12.0 | g.2 | 25.8 53 | ; so | «4 | a 8.1 ‘ 
srd day postoperative 18.4 13.9 14.6 50.5 11.8 4.0 | 15.0 | 51 45 | - a oe 5 
jth day postoperative 17.8 | 14.1 $2.2 | 50.0 29.3 “4 2 “16 ° 61 | 35 [- 4 - gg 
5th day postoperative |} 18.1 d | é 14.4 | 42.8 Pry | 12.0 | 4 2 ; | "16.2. | ; 66 | 31 -— eS Ana 
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Oxygen Carbon dioxide Blood constituents 

Arterial | Venous Arterial Venous Hgb RBC WBC P L E 
Pre-operative 16.4 | 13.2 41.4 47.3 12.6 4.6 Ir.2 63 31 6 
During anesthesia 18.4 | 15.1 43.3 49.9 a a - 
End of anesthesia 21.1 | 16.1 | 44.8 55.0 are ge ial 
Half hour postoperative 17.2 12.2 40.2 54.8 iii Bailar 
4 hours postoperative 15.5 10.4 9g 53.2 12.0 4.4 18.0 75 23 2 
1st day postoperative 11.3 6.9 46.7 54.7 12.0 4.2 24.2 79 20 I 
2nd day postoperative 9.8 6.3 48.9 58.5 11.6 3.8 26.2 81 18 I 
3rd day postoperative 8.9 5.4 49.7 60.8 11.8 3.8 30.3 83 17 





this part of the experiment are recorded in Table 
II, Part B. 

Part C. Thirty days after part B the third part of 
this study was performed. Four hours after instilla- 
tion of the culture into the bronchus the animal had 
a chill and the temperature dropped to 96 degrees F. 
X-ray study of the lungs showed a suspicious infil- 
tration of the right lower lobe. The following day the 
animal was quite sick, breathing rapidly, drooling at 
the mouth and unable to walk about. The tempera- 
ture rose to 104.8 degrees. X-ray studies of the chest 
at this time showed a patchy pneumonia involving 
the greater part of the right lung. On the morning 
of the fourth day after operation the animal died. 
X-ray study of the lungs made on the third day after 
operation showed a massive consolidation of the 
right lung. Necropsy on the fourth day after opera- 
tion revealed a massive consolidation of the right 
lung with a patchy pneumonia of the left lung. 
Blood studies made during this part of the experi- 
ment are recorded in Table II, Part C. 


Animal 3 


Part A. A mongrel dog weighing 18 pounds was 
subjected to the three procedures which have been 


described. Following this part of the experiment the 
animal’s recovery was immediate and the postopera- 
tive course was uneventful. The control blood studies 
made in this part of the study showed the changes 
indicated in Table III, Part A. 

Part B. On the twenty-seventh day after opera- 
tion the second part of this experiment was per- 
formed. Whereas in the previous experiments the 
animals were prepared with sulfapyridine the night 
before the operation as well as on the morning of the 
operation, the former dose was omitted in this case. 
On the first day after operation the animal appeared 
fatigued but otherwise quite well. X-ray examina 
tion of the chest at this time showed no abnormal 
changes within the lungs. On the second day after 
operation the animal appeared brighter and from 
then on the recovery was uneventful. Repeated 
daily x-ray studies for the next 4 days showed no 
changes which could be interpreted as pneumonitis. 
On the morning of the fourth day after operation the 
administration of sulfapyridine was discontinued and 
the gastrostomy tube was removed the following 
morning. Blood studies made at regular intervals 
during this phase of the experiment are recorded in 
Table III, Part B. 


TABLE III.—BLOOD STUDIES ON ANIMAL 3, PART A 






























































| Oxygen Carbon dioxide Blood constituents 

Arterial | Venous | Arterial Venous | Hgb RBC | WBC | P | I | I 
Pre-operative 16.1 II.2 pa 44.9 49.4 iz 13.2 re" 32.0 | 6 | Ss 7 
During anesthesia | 17.0 12.4 | 45-4 49.7 | mee Ga: ere wee | rn a 
End of anesthesia | 17.9 | 13.4 | 47.2 56.2 I. kb... 2 ‘| -  f. 
Half hour postoperative | 16.9 12.9 F 46.1 50.3 a ict wis lit im a Se 
4 hours postoperative | 15.5 12.2 a 2.2 ; 3.2 i a 38. “7 _ | 35 _ e 5 a 
1st day postoperative oan “6: > i. i 13.4 “as | . yy 8 7 | aan - 68 29 - 3 — 
2nd day postoperative 16.4 | 12.5 41.8 48.2 s 13.0 4 3 38 8 & 3 : “3 | 2 - 
3rd day postoperative 7 15.9 j 11.9 42.7 49.0 12.8 3 a ae i aie pes ae : 4 - 
4th day postoperative 16.2 11.7 43.1 = 48.8 aa 8 - i x | y 17.0 “2B - a 3 - 
sth day postoperative 16.4 12.6 42.6 49.0 13.0 a 16 . q 2° 4 98, aut a 
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TABLE III.—PART B 














































































































Oxygen Carbon dioxide Blood constituents 
7 S 

Arterial Venous Arterial Venous Hgb | RBC WBC P L E 
Pre-operative wees | 4.8 12.2 58 5 7 5-5 
During anesthesia = | 
End of anesthesia, aad | -. ae 
Half hour postoperative | rf ff -  f , oe 
;hours postoperative —_| | 46 | 70 | 57 | 38 | 5 | 7.2, 
ist day postoperative ‘| | : Party | 7 3 | $3 4g | . ie | rs 8.9 
and day postoperative ; | E g 7 4.0 | 17.6 | st 48 | : 4 8.5 
3rd day postoperative | | | 3.8 | 18.4 64 34 2 | 8.7 
ith day pesteperative ; | } | 4.0 “18.0 | 76 23 I | 6.6 
sth day postoperative : or | ‘ ae 7 41.1 a7.9 | 12.4 ere) 17.2 77 23 | 4.2 

TABLE III.—PART C 
] Oxygen | Carbon dioxide | Blood constituents 
= —_ — l — ome tan = —E EE 7 —E — ——— —E 
eae = | Arterial Venous | Arterial _|_Venous | Hgb RBC ie WBC | _ 4 a ee P E_ 

Pre operative 7 | 15.9 | 10.8 | 41.6 | 49.2 } 33 4 | Cals 5 12.0 | 62 30 8 
During anesthesia : 7 | . 16 2 | ” $9.6 ca a9 | i s.4 | Fe re cee 
End of anesthesia | 16.7 | 13.8 | g23 | s3-2 | | #| | | | 
Half hour postoperative Ss | ag 6 : 50.5 | ,, - : | 0.6 : oe amare: mes ft cambio eimibanas 
+ hours postoperative - oe a - 7 OF g “5 | $3 ry | 3.0 1 eh : < 20.0 | a re ma a 
ast day postoperative —_ | 9 8 | v4 | 45.8 | 94 | Be 96 [ = (| ta 
and day pesteperative s | 7 5.6 | 4.8_ [3.6 | i , a | cs a 


Part C. Twenty-eight days after the second opera- 
tion was done, the third part of this experiment was 
performed. During the first few hours after anes- 
thesia the animal appeared very much like that after 
the second procedure. However, after the fourth 
hour following operation he appeared acutely sick, 
drooled at the mouth, refused all food, and drank 
very little. The animal’s breathing was rapid. On 
the evening of the second day after operation the dog 
was found dead in the cage. Periodic x-ray studies 
made after the fourth hour after operation showed a 
pneumonia on the left side which progressed to in- 
volve the entire lung and part of the right lung. 
Postmortem examination showed a massive con- 
solidation of the left lung with involvement of the 
right middle and lower lobes as well. Blood studies 
made during this phase of the experiment are re- 
corded in Table III, Part C. 

Animal 4 

Part A. This dog was a female chow weighing 10 
pounds. Following surgical intervention the post- 
operative course was uneventful except for a low 
grade wound infection. Blood studies made during 
this experiment are recorded in Table IV, Part A. 

Part B. Twenty-one days later the second part of 
this study was undertaken. For the first 24 hours 





after operation, the dog was quieter than usual, how- 
ever, he ate and drank fairly well. From then on he 
was up and about as heretofore. The sulfapyridine 
was discontinued on the evening of the third day 
after operation, the gastrostomy tube was removed 
on the fourth day and on the evening of the fifth day 
the animal was sacrificed. X-ray studies made daily 
showed no changes within the lungs which could be 
interpreted as pneumonia. At autopsy the lungs were 
found to be normal throughout. Blood studies made 
during this part of the experiment are recorded in 
Table IV, Part B. 
Animal 5 

Part A. A mongrel male dog weighing 231% pounds 
was operated upon as described heretofore in this 
part of our study. The postoperative course was 
uneventful. Blood studies made during this part of 
the experiment are recorded in Table V, Part A. 

Part B, Twenty-four days after the first operation 
was performed, the second part of this experiment 
was undertaken. Within the first 6 hours after opera- 
tion the animal was up and about, quite active, and 
perfectly normal in behavior. On the evening of the 
third day after operation the sulfapyridine was dis- 
continued and on the fourth day the gastrostomy 
tube was removed, That evening there was an evis- 








40 


48 SURGERY, GYNECOLOGY AND OBSTETRICS 



































































































































TABLE IV.—BLOOD STUDIES ON ANIMAL 4, PART A 

, es T 

| Oxygen Carbon dioxide | Blood constituents 

| | os 

| Arterial | Venous Arterial | Venous | Hgb | RBC WBC | P L E 
Pre-operative ae) 46 2 | 11.3 gt 2 | 48.7 | 13.6, | . ee 1.8 | 7 : "36 tf - : 
During anesthesia | 16.9 | 14.1 ; 43.0 | oo. < ee “| —- - : as cst ‘* 
End of anesthesia 20.8 14.3 42.9 | 52.9 | _, Ee — a 2 oe er ee 
Half hour postoperative 16.0 12.6 4o I | 50.9 | | a ee 
ji hours postoperative | 16.1 | 11.8 | 42 ie i 47.3 | 13.6 4.6 47.2 | 60 =i : ee : 
ist day postoperative | 15.9 | 11.9 43.1 48.1 | 33.6 | 4.8 | 18.8 | “65 a i 30 a *. 
2nd day postoperative | 16.4 | 10.2 | 41.7 49.0 a 13.4 1.6 | 18.4 “| 70 lap : 3 
3rd day postoperative 16 : | ws | rea ary | 13 8 | 4.8 | ~ 18.0 7 9a : ‘| ig 26 a 2 
4th day postoperative _| 16 : | 10 . aa ace | 13 6 | : 46 | 16.4 | cs : | ab | S - 
5th day postoperative 16.7 er i 39.8 47.4 | 3.4 | Tm 6.2 | - oe ‘ - “| : 5 

TABLE IV.—PART B 

| Oxygen | Carbon dioxide | Blood constituents 

precy pean prom, Pee 8 i oe a a 

| Arterial | Venous Arterial Venous | Hgb RBC WBC | P | L | E | 
\ptimeiaamaeine ee et iy } estes er at han Tei a ae oes a 
Pre-operative | 16.9 | 10.5 41.9 | 48.8 | 13.4 4.6 12.0 | 58 | 37.—| 5 7.1 
During anesthesia j 17.8 12.7 43.6 49.1 a ne ae _ | ia 
End of anesthesia | 18 3 | 14 7 rT fF 8.3 ji a | | : Tat, 
Half hour postoperative | 16.4 | 1.4 | 43-1 | 48.6 |- | | ; | 8.3 
4 hours postoperative | a 6.7 | “8 a : | - 7 | 48.8 | 13.2 4.4 | 17 57 | : 40 Y | 8.9 
1st day postoperative ; - 35 7 ; 10 9 : ‘a 45. 5 | 52. 2 : | 13.2 4.4 | 137.2 56 42 ia 2 | 8 6 : 
and day postoperative. | 14.9 9.8 - 43.8 =o | 13 ° 4 ° 16.8 | : $5 14 Bg oa } $0.0 
3rd day postoperative | “45.7 | mt - 8 ; ee . | ; gh 12.8 3 8 } 6 2 | 56 ; 43° 7 a gs ° 
4th day postoperative | 16.2 | 38.2 | 4.0 50 4 / |} 12.8 _ 4.0 13.6 | 62 35 | -_ | 5.3 
sth day postoperative | 15.9 | 10.1 aoe | es 33.0 | 4.2 13.2 64 «| 33 | ; = I - 





ceration of the intestines and the animal died. X-ray _ revealed perfectly normal lungs and no areas sugges 
studies made daily after the operation showed no tive of pneumonia. Blood studies made during this 
pulmonary infiltration suggestive of pneumonia. An part of the experiment are recorded in Table \V, 


autopsy performed the same day as the evisceration Part B. 


TABLE V.—BLOOD STUDIES ON ANIMAL 5, PART A 




































































Oxygen | Carbon dioxide Blood constituents 

soa ved | : ; ae me al [os ff « & « 

| Arterial Venous | Arterial Venous Hgb | RBC WBC P L | I 
Pre-operative } 18.0 12.2 | 36.8 44.4 | 12.8 4.9 12.2 ” ie ao = : | 7 x 
During anesthesia 19.r | 12.6 | 40.0 47.8 | ae oe | - — : 
End of anesthesia | an.2 | 14.2 a 41.6 sar || — oe Bile 6 4 eiihaielt | Sencieiites ata 
Half hour postoperative 7.3 | 33.6 ae | 46.9 | a | a | a oe 
4 hours postoperative 6.9 = —4 68 - a8 _ 12 a | y% : ha - 68 - a -_ | . -» 
1st day postoperative 16.2 | a2 . | 36.2 “| as ‘es 19.6 | : ‘4 6 ; 6.0 4 3 : ay | : - 
and day postoperative | 16.8 | 14.0 | 36.6, “goo | 12.8 | 48 | 6 | 73 apf 
grdday postoperative | 16.3 | 12.7 | 37-1 43.9 | "12.6 | 4.8 .0 | 75 | 24 1 
ath day postoperative a 15.9 | at o | 36 * 3 6 | 12 6 : | 4 6 a 17.2 | 7 70 | “28 - 2 
5th day postoperative 16.4 | 1.8 | 36.7 44.7 12.6 | 4.6 16.0 | 66 : -_ “ @ 4 
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Oxygen | Carbon dioxide Blood constituents 
| \ peenepumeumtieen: a = ™ = S 
Arterial Venous | Arterial Venous Hgb RBC WBC | P L E 

Pre operative ianinaines 18.0 13.9 } 38.5 42.9 12.8 4.6 10.8 58 37 5 4.1 
During anesthesia eee 20.8 27.3 390.2 45.7 | 

Endofancsthesia 21 - 16.4 41.8 46.9 

Half hour postoperative 17.3 13.0 40.2 43.2 | 5.9 
} hours postoperative 18.2 14.4 41.8 42.8 12.4 4.4 15.8 62 35 3 6.2 
tst iama—é/.d. ‘| 17.7 | 12.6 40.2 47.1 12.2 4.2 15.4 | 60 38 2 8.1 
nd day postoperative me 16.9 | 13.2 | 39.6 46.1 12.0 4.0 16.0 | 57 40 3 7.6 
3rd day postoperative a 16.6 | 13.0 38.9 «| 44.6 18 | 3.8 | 16.2 61 38 | I “ 8.8 
jth day postoperative a awa | 13.7 138.7 | 44-3 = 11.8 | 3.8 | 1.0 | 62 | 37 | i 4.1 


EVALUATION 

Following the introduction of the sulfona- 
mides as curative agents in the treatment of 
infection, it was a natural sequence of events 
that an attempt be made to employ them pro- 
phylactically. Although there are many differ- 
ent opinions as to the mechanism of bacterio- 
static action of these drugs, all seem to agree 
that in adequate doses the effectiveness of the 
sulfonamides is based upon their ability to 
limit bacterial multiplication. Woods, in a 
study on the modus operandi of sulfanilamide, 
concludes that bacteriostasis is based upon 
inhibition of enzyme reaction involved in the 
utilization of p-aminobenzoic acid essential for 
bacterial growth. In reviewing the literature 
on the prophylactic use of sulfapyridine in the 
prevention of experimental pneumonia, we 
note that Gregg, Loosli, and Hamburger re- 
port unfavorable results in the dog. They 
state that “lobar pneumonia can evolve des- 
pite the administration of large doses of sulfa- 
pyridine before and after infection and despite 
its presence in the blood in concentrations 
equal to or greater than those obtaining under 
conditions when the drug is regularly cura- 
tive.” Goldstein and Graef (9), in a similar 
study in rats, show a close agreement with the 
findings of Gregg, Loosli, and Hamburger. 
Goldstein (8) adds that, while the lungs may 
have shown pneumonia at autopsy, it was dif- 
ficult to state conclusively that the animals 
had clinical pneumonia. 

A casual examination of the methods em- 
ployed by Gregg, Hamburger, and Loosli (10) 
and of those presented in this communication 





fails to reveal any remarkable differences in 
experimental procedure. Yet, the final results 
are not in agreement. Whereas we were unable 
to produce pneumonia in all but 1 of our dogs 
after the prophylactic use of sulfapyridine, 
they were able to induce pneumonia in each of 
6 dogs. A more careful study of their methods, 
protocols, and final results reveals some im- 
portant differences in the details of experi- 
mental procedure—particularly as it pertains 
to the use of sulfapyridine and the course of 
the pneumonic process. Table VI is a résumé 
of the sulfapyridine blood concentrations and 
quantity of drug administered by Gregg, 
Hamburger, and Loosli. 

Before infection was produced by these lat- 
ter authors, sulfapyridine was given in two 
divided doses. The first dose was administered 
18 to 24 hours before infection was induced 
and the second 6 to 12 hours before infection. 
After infection sulfapyridine was given again 
in 2 divided doses. The first was given 6 hours 
and the second 12 to 18 hours after infection. 
It will be noted that an interval of at least 12 
to 18 hours had elapsed between the last dose 
before the pneumococci were instilled into the 
bronchi and after its introduction. Since all 
animals were sacrificed 24 hours after infec- 
tion, it is assumed that the sulfapyridine 
blood levels presented in Table VI are those of 
blood taken shortly before the animals were 
sacrificed. Reference to this table shows a 
rather high sulfapyridine blood level before 
the infection was produced and a marked drop 
before the animal was sacrificed. It seems 
difficult to reconcile these data with the results 
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TABLE VI.—RESUME OF CONCENTRATIONS IN 
EXPERIMENTS OF GREGG, HAMBURGER AND 






































LOOSLI 
Concentration of drug in blood | Quantity of drug administer- 
Dog in milligrams per cent ed in grams 
No. 
Before infection|After infection] Before infected| After infected 
251T 10.0 2.8 5 2 
281T 4.9 3-7 4 4 
271T 4-3 3.6 3 2 
272T 18.0 2.8 3 2 
273T 12.0 | 5.1 4 4 
_280T 2.8 | 5.0 aE ee" 











reported by other investigators. In most in- 
stances the reports indicate a rise in the sulfa- 
pyridine blood level during the administration 
of the drug until a constant is reached and 
then a decline after its discontinuance—but 
not quite as sharp a drop as portrayed in 
Table VI. In our cases, after the drug was 
discontinued, the blood level dropped slowly 
and 36 hours after the last dose was admin- 
istered there was still present a fair concentra- 
tion within the blood stream. Even Gregg, 
Hamburger, and Loosli in other parts of their 
study find that such sudden decline in blood 
level is the exception rather than the rule. 
Perhaps one of the reasons for the difference 
in final results is the long interval between the 
pre-infection and postinfection dosages of the 
sulfapyridine. The lower blood level recorded 
by Gregg, Hamburger, and Loosli after infec- 
tion was induced may imply either a failure to 
receive, absorb, or utilize the drug while elim- 
ination continued at a normal rate. 

Further, since these authors sacrificed all 
animals 24 hours after infection was induced, 
they were therefore unable to draw any con- 
clusions as to the course and eventual outcome 
of the disease in these 6 dogs. In our cases 
daily x-ray studies of the lungs (in those ani- 
mals receiving sulfapyridine prophylactically) 
failed to show postoperative pneumonia in all 
but 1 case. In this instance there was com- 
plete regression of the lesion (on the subse- 
quent roentgenograms) 48 hours after infec- 
tion was induced. In the animals reported in 
this communication, receiving sulfapyridine 
prophylactically and sacrificed on the fourth 
and fifth day after infection, there was no 


roentgenographic or necropsy evidence of 
pneumonia. In the autopsy studies on rats 
sacrificed at 24 hour intervals, Goldstein and 
Graef observed that in the treated animals 
there was no progress of the lesion in the lung 
after the first 24 hours. The lesion remained a 
sharply localized process and ‘‘thus provided 
a contrast with the spreading infection which 
so consistently characterized the controls.”’ 
After the first 24 hours these authors also 
noted that the pneumonic process in the treat- 
ed group of cases was abacterial. Gregg, Ham- 
burger, and Loosli also state that “‘the poten- 
tial efficacy of sulfapyridine as a life saving 
therapeutic agent in pneumococcic infection is 
especially evident in the recovery of certain of 
the dogs showing a well advanced disease by 
the end of 18 to 24 hours, when treatment was 
begun. In several of these instances the find- 
ings were such as to indicate a high probability 
of fatal termination. That it is able to promote 
an arrest of infection is also shown by the 
brevity of the febrile stage, the restricted size 
of the pulmonary lesion and the limited occur- 
rence of bacteriemia in dogs treated earlier in 
the disease.”’ Thus, implying an inhibitory ef- 
fect of sulfapyridine on the pneumonia. If the 
bacteriostatic action of sulfapyridine is based 
upon the presence of effective concentrations 
within the blood, then it appears logical to 
expect that if the drug is present in the blood 
(at that concentration) and pneumonia does 
develop, the course should be benign and the 
mortality diminished. 

Recently, Hinshaw and Moersch have em- 
ployed sulfapyridine in the treatment of 21 
cases of postoperative pneumonia. They state 
that “‘the maximum temperature of nearly 
half of the patients approached normal within 
24 hours after the beginning of treatment with 
sulfapyridine. The condition of most of the 
remainder was significantly improved in 48 to 
72 hours. The results were similar whether or 
not pneumococci were found in the sputum. 
Postoperative pneumonia responded as well 
as primary pneumonia. Older patients re- 
sponded as well as younger ones. Only 1 
death occurred. This was a case of early ful- 
minating postoperative pneumonia which de- 
veloped on the second day after extraperiton- 
eal resection of a carcinoma of the colon.” It 
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is of interest to note that Lockwood and Rav- 
din using sulfanilamide prophylactically (to 
prevent peritonitis) in 22 cases of colon resec- 
tion and in 6 cases of inflammatory or trau- 
matic perforation of the intestinal tract did 
not encounter a single case of postoperative 
pulmonary infection. Garlock and Seley in 21 
cases of colon resection, using sulfanilamide in 
the same manner encountered but 1 instance 
of postoperative pulmonary infection. This 
was a case of fulminating tracheobronchitis 
with bronchopneumonia of the influenzal type. 
From the foregoing, it therefore appears that 
the sulfonamides may be used both as curative 
and prophylactic agents in postoperative 
pneumonia. 

In an analysis of the hematological and 
blood gas studies, we have noted no apparent 
contraindication to the use of sulfapyridine in 
the prophylaxis of postoperative pneumonia. 
The results of this part of the study may best 
be appreciated when presented in table and 
graphic form. In the tables presented in the 
protocols it will be noted—in part A of each 
study—that the preoperative blood constitu- 
ents were those of normal dogs and that the 
postoperative reaction was essentially that of 
a normal dog except that the total white blood 
cells did not rise quite as high as in the cases of 
Taylor and Waters; that the normal level was 
attained on the fifth day after operation and 
that the number of polymorphonuclear neu- 
trophils did not rise quite as high as in their 
cases. In part B of this experiment, i.e., the 
animal being given sulfapyridine before opera- 
tion and receiving postoperative insufflation 
of pneumococci into the bronchus, we note 
that the rise in white blood cells is not quite 
as high as in the previous part of this study. 
Further, that the maximum elevation in white 
blood cells occurs a day or two later than in 
the first part of the investigation and that 
after 5 postoperative days the total number of 
white blood cells is at a higher level than in 
those instances in which the animal was not 
given sulfapyridine. In the white blood cell 
differential study we also note that the num- 
ber of polymorphonuclear leucocytes does not 
rise quite as high as in those instances in which 
the animal did not receive sulfapyridine. The 
red blood cells and hemoglobin show but slight 
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difference in the two parts of this study. There 
is, however, a tendency for a longer sustained 
drop in these blood constituents under sulfa- 
pyridine than in those instances in which the 
animal was not given sulfapyridine. In the 
third part of this study, i.e., in which the 
animal received an intrabronchial insufflation 
of pneumococci but was not given sulfapyri- 
dine, the blood picture is that of the typical 
bronchopneumonia. In these instances there 
was a rapid rise in the white blood cells, an 
increase in the polymorphonuclear neutro- 
phils and a fall in the hemoglobin and red 
blood cells. From the data presented it may 
therefore be concluded that, in the experi- 
mental animal, the blood constituent changes 
following the prophylactic use of sulfapyridine 
are not very different from those seen in the 
animals having a smooth and uneventful post- 
operative course. 

The final chapter of this study concerns it- 
self with the changes in the blood gases. The 
results of this part of the investigation can 
best be appreciated when presented in graphic 
form (Figs. 1 to 5). By reference to these 
graphs it will be seen that during anesthesia 
(in all three parts of this study) the arterial 
and venous blood oxygen content! may in- 
crease. The amount of increase, however, 
varies with each animal and evidently with 
the amount of oxygen made available to 
it during the anesthetic. The carbon di- 
oxide too may increase. These blood reac- 
tions are similar to those described by Waters 
and by Robbins and Baxter. Soon after 
the anesthetic is discontinued there is a 
decline in the blood gas content, and in the 
normal animal the preoperative level is at- 
tained in about 4 hours. Under sulfapyridine 
therapy the arterial oxygen content is essen- 
tially the same as in the normal animal— 
showing no interference with oxygen intake. 
The venous oxygen, however, falls to a lower 
level and does not return to normal for another 


1We have chosen to report the arterial and venous blood oxygen con- 
tent rather than the capacity because the former tells us the actual 
amount of oxygen present in the circulatory system and available to 
the tissues while the latter merely implies a potential oxygen carrying 
power of the blood. A reduction in th. content sufficient to produce 
asphyxia need not necessarily be followed by a corresponding reduction 
in the oxygen capacity of the blood. Stadie in a study on oxygen capac- 
ities in pneumonia remarks that ‘‘no unusually low total oxygen capac- 
ities were observed, even in fatal cases with intense cyanosis. On the 
contrary in these cases the total oxygen capacity was unusually high, 
pointing toward a concentration of blood. Again, in only one case was 
there any marked fall in the oxygen capacity during the illness.” 
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Fig. 3. Animal 3. 





(Legends on opposite page.) 


Fig. 4. Animal 4. 
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HOCHBERG Et AL: 


day—implying a greater need and utilization 
of oxygen during the first day. The carbon 
dioxide—in the cases receiving sulfapyridine 
—in both artery and vein tends to remain 
elevated for the first 24 hours after operation. 
At no time, however, is there an abnormally 
low oxygen supply, excessive utilization of 
oxygen, or an accumulation of carbon dioxide 
in the blood to be out of proportion with that 
seen after cyclopropane anesthesia itself. It is 
interesting to observe the blood gas changes 
taking place in the animals developing pneu- 
monia. Here the arterial and venous blood 
oxygen content diminishes progressively so 
that the arterial blood contains less oxygen 
than normal venous blood. At the same time 
the carbon dioxide in the veins and arteries 
rises steadily. Meakins and Davies, in a study 
of the arterial blood gases in cases of broncho- 
pneumonia, state “It will be noted that in all 
those cases where the arterial oxygen satura- 
tion and carbon dioxide content were esti- 
mated, there was a parallelism between oxy- 
gen desaturation and the carbon dioxide con- 
tent of the arterial blood—the greater the 
former, the greater the latter.” 

The sulfapyridine blood levels after the ad- 
ministration of that agent are presented in the 
protocols. The concentrations before operation 
varied between 4.1 and 8.2 milligrams per 
cent, half hour after operation these concen- 
trations became somewhat higher—5.9 to 8.3 
milligrams per cent and 4 hours after opera- 
tion they were 6.2 to 8.9 milligrams per hun- 
dred cubic centimeters of blood. On the first 
day after operation, i.e., about 15 hours after 
insufflation of the culture into the bronchi the 
blood levels averaged 8.6 milligrams per cent. 








Figs. 1 to 5. Variations in arterial and venous blood 
gases before, during, and after cyclopropane and oxygen 
anesthesia. o——o represents arterial blood gases; e—e—e 
venous blood gases. The numbers in the abscissae of the 
graph represent blood studies made at the following time 
periods: 1, Preoperative and before anesthetic admin- 
istered; 2, During anesthesia but before incision; 3, during 
operation and immediately before anesthesia was discon- 
tinued; 4, half hour after operation was completed; 5, four 
hours after operation was completed; 6, first day after 
operation; 7, second day after operation; 8, third day after 
operation; 9, fourth day after operation; 10, fifth day 
alter operation. A, represents the blood gas changes pre- 
sented in the table under part A of the protocol. B, repre- 
sents the blood gas changes presented in the table under 
part B of the protocol. C, represents the blood gas changes 
presented in the table under part C of the protocol. 
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Fig. 5. Animal 5. 


It is noteworthy to mention that in animal 3, 
in which the sulfapyridine was omitted the 
night before the gastrostomy was performed, 
the postoperative blood levels were essentially 
the same as in the other cases. In all 5 cases 
there were constant increments in the blood 
concentrations reaching adequate concentra- 
tion in the blood within the first 4 hours after 
operation. The highest concentration attained 
in this series was 12 milligrams per cent—in 
animal 4, on the third day after operation. 


SUMMARY AND CONCLUSIONS 


Sulfapyridine may be used prophylactically 
in the prevention of postoperative pneumonia. 
When so employed, in the experimental ani- 
mal, the blood constituent changes and oxygen 
supply to the tissues are not very different 
from those seen in the animal making a 
smooth and uneventful postoperative recov- 
ery. In but 1 instance did our animals develop 
postoperative pneumonia, in which case the 
course was benign and the animal made com- 
plete recovery. 
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GASTROSTOMY IN CASES OF CARCINOMA OF 
THE ESOPHAGUS 


RICHARD H. SWEET, M.D., F.A.C.S., Boston, Massachusetts 


HERE has been a justifiable dis- 

satisfaction on the part of patients 

and surgeons alike with the more 

commonly used methods of perform- 
ing a gastrostomy. The patient has had to 
bear the annoyance of wearing a rubber tube 
and the discomfort resulting from irritation 
of the skin by the adhesive tape or by the 
moisture exuding around the catheter. The 
attendants have had the occasional worry re- 
sulting from the accidental escape of the tube 
and the bother of changing a complicated 
dressing. The surgeon has been faced with 
the probability of a high operative mortality 
and has been anxious to improve on the 
practicability of the procedure. The recogni- 
tion of these difficulties led to an interest in 
this problem and the ensuing report is based 
upon the study of a group of cases observed 
at the Massachusetts General Hospital with a 
few from private practice and the clinic of the 
Palmer Memorial Hospital. 

The purpose of the study was to determine 
whether anything could be done to improve 
the comfort of the patient condemned to the 
use of this artificial method of alimentation or 
to make easier the details of his care after 
operation. 

Over a period of many years various sur- 
geons have worked upon this problem, at- 
tempting usually by some sort of plastic 
operation on the stomach to construct a 
fistula which could be utilized for feeding 
but which would not permit the regurgitation 
of gastric contents. There is no need to re- 
view the details of all of the various un- 
successful methods. Only two methods, the 
Beck-Jianu and the Spivak, have appeared 
to be satisfactory in the experience of other 
surgeons. This study has been carried out 
with the idea of testing these. 

The majority of the patients were seen after 
all attempts at treatment of the local lesion 
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by dilatation or irradiation had been carried 
out. Certain patients were seen, however, 
while treatment was being given or before it 
was begun. In the past year the number of 
patients treated by x-ray without a gas- 
trostomy has increased somewhat and a few 
have been carried along with varying degrees 
of success by Dr. E. B. Benedict, who used a 
modification of the ancient method of bou- 
ginage. In a few cases, also, the operation has 
been advised against because of the moribund 
state of the patient. 

In the study of the cases, for certain reasons, 
the following data were obtained: 

1. Operative mortality. This had always 
been thought to be high, largely because of 
the condition of the patient. 

2. Development of sepsis in the wound. This 
is important because if a patient is afflicted 
with a disease which can be expected to end 
fatally in a few months, any prolongation of 
the period of immediate postoperative con- 
valescence is to be avoided. Any operation 
which is apt to be attended by a high in- 
cidence of wound infection must therefore be 
regarded as unsuitable. 

3. Occurrence of leakage from the fistula. 
Obviously any method which is apt to result 
in leakage increases the discomfort and adds 
much to the difficulty of caring for the 
patient. 

4. Duration of operation. This was recorded 
merely for the purpose of affording a yard- 
stick for comparison of the various methods 
as regards the technical difficulty of the oper- 
ative procedure. 

5. Necessity for using general anesthesia as a 
supplement to local infiltration. This was also 
assumed to be a rough measure of the diffi- 
culty of the operation. Naturally the more 
traction and general manipulation necessary, 
the greater the likelihood of needing a supple- 
mentary inhalation anesthesia. 
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TABLE I.—GASTROSTOMIES, 1932-1935, IN- 
CLUSIVE, BY CATHETER METHODS 


No. Per cent 
CIC ey ee ee” eee ae 21 
re 2 9.5 
er eer eae 8 38.0 
IEE eee, cts ta oh bid esd neers 3 14.2 


6. Experience of the operator. With but few 
exceptions all of the rubber tube gastrostomies 
were performed by the interne staff. The 
majority of the plastic operations were per- 
formed by me, with a few done by the 
resident surgeon. 

To gain some idea about our experience with 
gastrostomy for carcinoma of the esophagus 
before the period of this assignment, all the 
operations performed in the 4-year period, 
1932 through 1935, were studied. They were 
all done by one of the various catheter 
methods (Kader, Senn, or Witzel) with re- 
sults as tabulated in Table I. From this it 
appears that although the operative mortality 
was lower than anticipated, there was too 
high an incidence of sepsis in the wound and 
a significant number of cases with leakage 
around the catheter. 


PERIOD OF THE SPECIAL STUDY, 
1936 THROUGH 1939 


Choice of cases. In every case the decision 
as to the advisability of performing a gas- 
trostomy was based upon its individual 
merits. At first, however, because of the 
presumed greater risk of the plastic operation 
methods, the sickest patients were still 
operated upon by the simple insertion of a 
catheter. Only those who were not too old 
and who were still in a fairly good state of 
nutrition were chosen for the plastic type of 
operation. At first the Beck-Jianu method 
was used. Later with the popularization of 
the Spivak method, the latter was taken up. 
As experience with these methods was ac- 
cumulated, fewer catheter-type gastrostomies 
were performed and during the past year one 
or the other of the two plastic types of opera- 
tion has been used in every case. 

Technique of operation. For the benefit of 
those who might desire to renew their familiar- 
ity with the subject, a brief description of each 
of these operations follows: 


1. Beck-Jianu gastrostomy. This operation 
was described independently in the year 1905 
by Dr. Carl Beck of Chicago and in the year 
1912 by a Roumanian surgeon, Amza Jianu. 

Neither one of these surgeons ever used the 
operation on a human being. Jianu worked 
out the technique on human cadavers and 
suggested it as a method of constructing an 
artificial esophagus after esophagectomy for 
carcinoma. In his article describing it, a 
picture showing the gastric tube pulled all the 
way up on the chest wall to a level opposite 
the upper extremity of the sternum is given. 
There are great technical difficulties in the 
way of carrying out such a procedure in the 
living patient. It is planned to discuss these 
details in a future publication. Beck actually 
proved the value of the operation by perform- 
ing iton dogs. A German surgeon, W. Roepke 
by name, was the first to perform the opera- 
tion successfully in man. 

By the Beck-Jianu method, a tube is con- 
structed from the stomach wall along the 
greater curvature. Figures 1, 2, 3, and 4 will 
serve to illustrate the steps in this procedure. 
A left upper quadrant muscle-splitting in- 
cision is made through the rectus muscle. The 
right gastroepiploic vessels are ligated and 
cut at a suitable place near the antral portion 
of the stomach (Fig. 1). The gastrocolic liga- 
ment is then divided from that point as far 
to the left as is deemed necessary to allow the 
construction of a tube of sufficient length, 
usually about 5 to 6 inches. The left gastro- 
epiploic vessels are retained to carry the blood 
supply to the gastric tube. Two long, curved, 
flexible, gastric clamps are then placed on the 
stomach parallel with the direction of the 
greater curvature and the stomach (both 
walls) is cut between them for the desired dis- 
tance, 5 or more inches. The handles of the 
clamps are separated and the flap is swung 
out away from the body of the stomach (Fig. 
2). The stomach edges are then sutured, be- 
ginning on the body of the stomach which is 
closed to form a new greater curvature, and 
extending all the way up the gastric tube to 
its end. After this the cut edge of the gastro- 
colic ligament is sutured to the stomach wall 
(Fig. 3). The gastric tube is then brought out 
of tne peritoneal cavity and passed around 
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Fig. 1. Division of the 


Beck-Jianu gastrostomy. 
gastrocolic omentum; ligation of the right gastroepiploic 


vessels. Dotted line shows direction and optimal length of 
incision through stomach walls. (Clamps omitted from 
the drawing.) 


anterior to the costal margin on the left side, 
through a subcutaneous channel superficial to 
the deep fascia, and out through a short trans- 
verse incision on the anterior chest wall several 
inches above the upper end of the abdominal 
incision (Fig. 4). 

Important practical technical points in con- 
nection with this operation are: (a) The in- 
cision of the stomach walls must be kept 
parallel with the greater curvature. Other- 
wise, if it is allowed to deviaie proximally 
toward the lesser curvature, an hour-glass 
deformity with malfunction because of ob- 
struction will result. (b) The newly con- 
structed gastric tube must be drawn tightly 
around the costal margin and pulled as high 
as possible on the chest wall. If this is not 
done, regurgitation will result. (c) All the 
aseptic precautions and refinements of tech- 
nique which would ordinarily be used in any 
gastric operation must be observed. 

2. The Spivak operation. This was first 
described by Spivak in 1929. It is an ingenious 
modification of the Janeway type of operation 
by which a tube, having at its base a fold of 
stomach wall which acts as a stop-valve, is 
constructed from the anterior surface of the 
stomach. The base of the flap may be located 
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Fig. 2. Beck-Jianu gastrostomy. Stomach divided and 
ready for suture. Note the preservation of the left gastro- 
epiploic artery on the gastric tube. (Clamps shown in 
place as actually used during the operation.) 


at almost any point, but is usually placed 
along the lesser curvature. An instrument 
such as an Allis forcep is laid on the stomach 
near the lesser curvature and by sutures the 
gastric wall is then infolded over the instru- 
ment for a distance of several inches (Fig. 7). 
A rectangular flap is then turned back, and 
the infolded portion is used as its base (Figs. 8 
and g). A suture is then begun near the great- 
er curvature and carried transversely across 
the stomach so as to close the opening and 
also bring together the two edges of the gastric 
flap to form a tube (Fig. 10). This tube has at 
its base on the inside of the stomach a fold of 
gastric wall which stops the opening from 
within and is supposed thereby to prevent 
regurgitation (Fig. 11). The tube is then 
brought straight out through the incision and 
the wound closed around it (Fig. 12 and 13). 

In the performance of this operation one 
must: (a) avoid injury to the vessels along the 
lesser curvature, which constitute the only 
blood supply to the gastric flap. Spivak 
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i. 





Fig. 3. Beck-Jianu gastrostomy. Suture of the body of 
the stomach and gastric tube completed. Gastrocolic 
ligament resutured to the stomach. Gastric tube lies free 
ready to be brought out over the costal margin. 


stresses the importance of using interrupted 
sutures for the infolding suture to avoid con- 
stricting any of the vessels. (b) Make certain 
that the tube is long enough by carrying the 
incision far out onto or even over the greater 
curvature to the posterior wall. If the stomach 
appears to be too narrow, the base of the flap 
can be made crosswise over the anterior sur- 
face of the fundus, thus giving the length of 
the stomach to allow added length to the tube 
flap. 

Results. The cases of patients who were 
treated in the years 1936 through 1939 were 
studied. Table II presents a summary of 
the data which were obtained as a result of 
the experience with gastrostomy at the Mas- 
sachusetts General Hospital. 

During the same 4-year period 8 operations 
were performed at the Palmer Memorial 
Hospital, 6 by the Beck-Jianu method and 2 
by the Spivak. These have been added to the 
26 which were performed at the Massachu- 
setts General Hospital in order to make a 
larger series for analysis. The results are 
illustrated by Table III, which gives the 
essential data obtained from the study of 
these 34 cases in which plastic gastrostomies 
were performed. 
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Fig. 4. Beck-Jianu gastrostomy. Relative position of 
the gastric tube after completion of the operation. The 
tube has been brought out around the costal margin, up 
through a subcutaneous tunnel on the anterior chest wall 
and out through a small transverse incision several inches 
above. 


OBSERVATIONS FROM STUDY 


It is obvious that the mortality in these 
cases has remained about the same as in the 
previous period (1932-1936) when the in- 
sertion of a rubber tube was the only method 
used. It is felt that this is dependent upon 
uncontrollable factors inherent in the nature 
of the disease and the malnourished, debil- 
itated state of the patients. Attention should 
be called, however, to the fact that the Beck- 
Jianu and Spivak methods can be done with 
about as much safety as the simpler catheter 
methods. One must keep in mind, none the 
less, that these so called plastic gastrostomies 
are major procedures involving the opening of 
the stomach and that they require considera- 
ble skill in the fundamental technique of 
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Fig. 5, left. Beck-Jianu gastrostomy. Photograph of patient 1 week after operation, 
showing temporary catheter in place in the gastrostomy stoma. 
Fig. 6. Beck-Jianu gastrostomy. Photograph of a patient 2 weeks after operation. 


gastrointestinal surgery, such as the careful 
preservation of the blood supply to the flaps, 
the accurate placing of sutures, and protection 
of the wound and peritoneal cavity from gross 
contamination. They cannot, therefore, be 
recommended for use by the inexperienced 
operator. All of the deaths were caused by 
pneumonia. There was no case of peritonitis. 


TABLE II.—GASTROSTOMIES FOR CARCINOMA— 
MASSACHUSETTS GENERAL HOSPITAL SE- 
RIES— 1936-1940 


| | Average 








| 2 
| Opera- | | duration! Anes- 
— ive i - weak- f >Siz 
Method No. | ave Sepsis Leak oF thesia 
| mortal- | age | opera- | supple- 
} | ity | tion ment 
| } | minutes 
Senn | 13 | I I ° 63 2 
Kader 7 I I ° 67 ° 
Witzel 4 I I ° 69 I 
Total catheter | 24 3 3 ° 3 
Per cent 4.5 | 22.5 12.5 
Janeway , 7 °o | =) ° 60 ° 
Beck-Jianu |} 18 | 2 ; oO ° 64 
Spivak 7 ° ° I 40 ° 
Total plastic 20 2 ° I 
Per cent | 7.7 | 11.5 


The average duration of operation is inter-. 
esting. In general it takes 1 hour to perform 
a gastrostomy. The catheter methods can 
usually be done by an experienced surgeon in 
one-half hour. Of the two plastic methods, 
the Spivak takes less time than the Beck- 
Jianu. As has been pointed out, the saving of 
time is relatively unimportant in itself unless 
the patient happens to be under general 
anesthesia. The only fact of importance is 
that either of the two plastic methods can be 
done fairly rapidly. 

So far as sepsis goes, the tables show that 
by careful technique it can be almost entirely 
eliminated. But as one would expect, the 


TABL* III.—GASTROSTOMIES FOR CARCINOMA 
— COMBINED MASSACHUSETTS GENERAL AND 
PALMER MEMORIAL GROUPS 

Uperative 


mortality 
Method No Sepsis Leakage 


Beck-Jianu 24 





Spivak ) 
Janeway I ° C 


All plastic methods 34 s 
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Fig. 7. 














Spivak gastrostomy. The insert in the upper 


left-hand corner shows a long straight clamp laid on the 
anterior gastric wall near the lesser curvature to aid the 
infolding. The beginning of the infolding suture is shown. 
The insert in the lower right-hand corner shows in cross 
section the nature of the fold thus produced. The clamp 
is removed after suture is complete. 





\ 





Fig. 9. 
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Spivak gastrostomy. 
turned back to show fold at its base inside the stomach. 
This fold becomes a valve which obstructs the internal 
orifice of the gastrostomy tube. 







Flap of stomach wall 





Fig. 8. Spivak gastrostomy. Infolding suture completed 
Construction of flap of stomach wall begun. 


methods involving the use of a rubber catheter 
allow a greater possibility of serious wound 
infection than those which do not require a 
catheter. In the catheter group, however, the 
wound sepsis was reduced from 38 per cent to 
12.5 per cent. In the plastic group (small to 
be sure), there was only 1 case (Table III). 

Regurgitation from the stomach can usually 
be avoided although some difficulty of this 
sort was experienced in the use of the Spivak 
operation. In this series there were 2 such 
cases. These occurred approximately 3 months 
after the operation and in each case there had 
been a period of perfect functioning previous 
ly. I have since seen 2 other cases of leakage 
after the use of the Spivak method, all coming 
on several months after operation. The Beck- 
Jianu method seems to be much less apt to 
result in regurgitation. 

There have been no complications in this 
series other than the fatal pneumonias, the 
wound sepsis in the catheter group, and the 
leakage in the Spivak cases. 

As regards the comfort of the patient and 
the ease of care of the gastrostomy itself, there 
is no doubt but that either the Beck-Jianu or 
the Spivak method is far superior to the in 
lying catheter methods. There is no need for 
attaching a tube, no use of adhesive, and com 
plete avoidance of the worry attendant upon 
the accidental escape of the catheter, which 
so often happens. The patient merely wears a 
pad of gauze held in place by a light binder 
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Fig. 10. Spivak gastrostomy. Closure of stomach begun. 
Insert shows the anterior gastric wall closed and the suture 
of the gastric tube partly completed. 


and feedings can be given by inserting a 
catheter or the end of a glass syringe with a 
rubber bulb attached at the appointed times. 
There is no mess and there is much less bother 
for the attendants. The majority of these 
patients learn to feed themselves just as 
readily as almost all colostomy patients learn 
to take their own enemas. 
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Fig. 12. Spivak gastrostomy. Appearance of the wound 


4 days after operation. 
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Fig. 11. Spivak gastrostomy. Closure of stomach wall 
completed and gastric flap turned in to produce a tube. 
Note a shoulder of stomach wall around the base of the 
tube, the result of turning in of a fold as the first step. 
Insert shows in cross section the valve-like fold of gastric 
wall at the base of the gastrostomy tube. It is this which 
prevents regurgitation from within. 


The objection is often raised that the 
stomach is sometimes too much contracted 
to permit the performance of a Beck-Jianu or 
a Spivak gastrostomy. Experience has shown, 
however, that after a few minutes of handling 
at the time of the operation, the stomach will 
usually relax and stretch out enough to allow 
one to use either method. Rarely there is not 


Fig. 13. Spivak gastrostomy. Injection of fluid by 
means of catheter and syringe. 
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enough for the safe performance of a Beck- 
Jianu operation, but in all cases the Spivak 
can be used. 

CONCLUSIONS 

1. No gastrostomy should be done on a mor- 
ibund patient who is suffering from carcinoma 
of the esophagus. It should be performed as 
soon as obstruction becomes sufficiently com- 
plete to interfere seriously with the patient’s 
nutrition. 

2. With care the operative mortality in 
cases of gastrostomy performed because of 
malignant obstruction of the esophagus should 
not exceed 15 per cent. 

3. The operative mortality after the Beck- 
Jianu or Spivak type of gastrostomy should 
be no greater than that after the catheter 
methods. 

4. The Beck-Jianu or Spivak gastrostomy, 
either one, is more comfortable and is easier 
to care for than are the older catheter types 
of gastrostomy. 

5. The Spivak operation is somewhat easier 
to perform, but regurgitation more likely to 
occur than after the Beck-Jianu operation. 


6. In general the Beck-Jianu operation has 
been the most satisfactory of all the methods 
tried. 

7. In the last analysis the choice of method 
of procedure must be made by the individual 
surgeon on the basis of his experience and 
technical skill. 

8. The interesting suggestion of Beck in 
1905, of Jianu in 1912, and of Willy Meyer in 
1914, to utilize the Beck-Jianu operation in 
the reconstruction of an external esophagus 
after resection in certain favorable cases of 
carcinoma of the esophagus has been tried in 
several cases with satisfaction. 
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DISTANT METASTASIS IN 


RESPIRATORY AND ALIMENTARY 


CANCER OF THE UPPER 
TRACTS 


RALPH R. BRAUND, M.D., and HAYES E. MARTIN, M.D., F.A.C.S., New York, New York 


HERE is an abundance of literature 

dealing with the diagnosis, treat- 

ment, and clinical course of cancer of 

the head and neck, yet relatively 
little has been written about the terminal 
pathology in those patients who die from the 
disease. The incidence of local lymph node 
involvement is well known and needs no em- 
phasis, yet the frequency with which these 
tumors produce widespread systemic metas- 
tases is often overlooked. 

That malignant neoplasms metastasize 
through lymph vessels, blood vessels, celomic 
cavities, cerebrospinal spaces, and epithelial 
cavities is accepted by all students of oncol- 
ogy. Many neoplasms have characteristic, 
but by no means constant, modes of extension 
through one or more of these paths. 

In this paper we shall confine ourselves to 
the study of distant metastasis from cancer of 
the upper respiratory and alimentary tracts. 
In these areas the most common neoplasms 
are those which arise from squamous epithe- 
lium. Their usual path of metastasis is 
through the lymph vessels to the regional 
lymph nodes, where the tumor cells are often 
“filtered out.” If the field is fertile, they con- 
tinue to multiply, producing a concurrent 
enlargement and destruction of the lymph 
node. Most squamous carcinomas of the head 
and neck, if untreated, produce metastases to 
the cervical lymph nodes. Crile (8), years 
ago, called attention to the extensive collar of 
lymphatics about the neck and its effective- 
ness in preventing the spread of cancer below 
the clavicle. 

Infiltrating tumors frequently invade the 
walls of veins, penetrate to the lumen, and 
proliferate intravenously (38). Should frag- 
ments of this invading tumor be broken off 
before the vein is thrombosed, they are car- 
ried along in the blood stream and may lodge 
in the small arteries and arterioles of the lung. 
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Whether metastatic growths develop depends 
not only upon the proliferative activity of the 
tumor cells, but also upon the behavior of the 
tissues in which they are implanted. 

That squamous carcinoma has this property 
of invading veins and producing distant 
metastases is well known; its frequency, we 
believe, is often underestimated. Crile (8) 
quotes Hitchings as finding secondary cancer 
foci in distant organs and tissues in less than 
I per cent of a series of 4,500 cases of can- 
cer of the head and neck, all of squamous ori- 
gin. Hitchings’ report, however, based on 
clinical observation, was never published, nor 
is the source of the material known. From our 
own experience we have found the clinical 
determination of visceral metastases far from 
accurate. Price, in a series of 107 autopsies on 
patients who died of cancer of the upper 
respiratory and alimentary tracts, found 14 
with distant metastases. He quotes Naegeli, 
who in 190 cases of primary cancer of the skin 
and oral mucosa found no metastases in inter- 
nal organs. Ewing, discussing cancer of the 
tongue and mouth, states ‘‘metastases in the 
organs are rare, but have been observed 
in liver, heart, adrenal, and mesentery.” 
McWhorter and Cloud noted a tendency of 
esophageal cancer to remain localized, due to 
the fact that ulceration and obstruction ter- 
minate the case before distant metastases 
have time to form. On the other hand, Burke 
found distant metastases in 27 of 88 autopsies 
on patients who died from cancer of the upper 
respiratory and alimentary tracts. Halber- 
staedter and Simmons are mentioned by Price 
as having found metastases in 19.3 per cent 
of the infiltrating types of skin tumors when 
first seen. 

In the records of the Memorial Hospital 
there are 308 autopsies on patients who died 
of cancer arising in the upper respiratory and 
alimentary tracts. Histological examination 
of the primary tumor was made in 284 cases. 
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TABLE I.—THE INCIDENCE OF DISTANT 
METASTASIS FROM VARIOUS SITES OF ORIGIN 
: 


Distant |Percentage 





| 
| Cervical 


. —— ' ;|lymph node . 
Location of primary |Number of sia Copa metastases] with 
growth autopsies | | at distant 
admission autopsy | metastases 
Lip 13 6 2 15.4 
Mucosa of cheek 10 7 1 $0.0 
Floor of mouth 16 7 I 6.2 
Gum 14 9 5 30.0 
Tongue 60 30 II | 18.3 
Palate II 5 3 | 27.0 
Tonsil 27 18 3 11.0 
Nasal cavity and 
sinuses 14 3 5 35-7 
Wall of pharynx 8 6 2 25.0 
Extrinsic larynx 38 | 25 7 18.4 
Intrinsic larynx 17 I 2 11.8 
‘esi | ce 


Esophagus 56 2 21 | 37-5 


Total | 284 | 119 | 66 | 23.2 





Because of the lack of histological proof of the 
primary lesion, the remaining 24 cases are 
not included in this study. In 278 cases, or 
97-9 per cent, accepted for study, the primary 
growth was squamous carcinoma; 6 cases, 
or 2.1 per cent, were adenocarcinoma. 

Of the 284 cases studied, 257 were males 
and 27 were females, a ratio of 10:1. This sex 
proportion is in keeping with the general ad- 
mission for this group of tumors. Burke, in a 
similar series, found a sex relationship of 92 
males to 3 females. 


DISTANT METASTASES FROM 
VARIOUS ANATOMIC SITES 


The relative frequency of distant metas- 
tases from cancer primary in the various ana- 
tomic structures is shown in Tables I and II. 
A more detailed discussion of individual sites 
of origin follows. 

The lip. Of the 13 autopsies on patients 
who died of primary epidermoid carcinoma of 
the lip, 2 had distant metastases, 15.4 per 
cent. Six patients had enlarged, clinically 
metastatic regional lymph node involvement 
on admission, 1 of whom had distant metas- 
tases at autopsy. The patients who did not 
develop distant metastases ranged in age from 
41 to 80 years, with an average age of 60 years. 
One patient with visceral metastases was 73 


years of age; the age of the other was not 
recorded. There were 12 males and 1 female 
in the series. Distant metastases were found 
in the pleura, lungs, pericardium, stomach, 
bones, liver, and pancreas. 

The mucosa of the cheek. Four, 40 per cent, 
of the ro patients who died from cancer of the 
mucosa of the cheek had visceral metastases 
at autopsy. Regional lymph node involve- 
ment was noted in 7 on admission. The aver- 
age age of patients with distant metastases 
was 53 years; of those with local disease, 64 
years. There were no females in this group. 
The lungs and pleura were involved in 2 in- 
stances, the liver in only 1. In 1 patient 
squamous carcinoma was found growing in a 
blood vessel of the lung. 

The floor of the mouth. There were 16 pa- 
tients in this series with cancer of the floor of 
the mouth, 7, or 44 per cent, of whom had 
regional lymph node metastases on admission. 
Only 1 patient, aged 74, with regional lymph 
node involvement showed distant metastases 
in the lung at autopsy. The microscopic pic- 
ture in this case was adenocarcinoma—ade- 
noid cystic type. In the other 15 patients the 
origin of the primary tumor was in squamous 
epithelium. They ranged in age from 35 to 74 
years, with an average age of 58. All patients 
in this group were males. 

The gingiva. Fourteen male patients had 
epidermoid carcinoma of the gingiva, 5, or 
36 per cent, of whom showed remote dissemi- 
nation of the lesion at autopsy. Nine patients 
had regional lymph node involvement when 
first seen. The ages of the entire group ranged 
from 45 to 78 years, with an average age of 
61 and 63, respectively, for those with and 
without distant metastases. These patients 
showed the widest distribution of metastatic 
lesions of all groups studied. The lungs were 
involved 4 times, the pleura, myocardium, 
and adrenals, twice, while the diaphragm, 
pericardium, stomach, spleen, mesenteric 
lymph nodes, and skeletal system were each 
involved once. 

The tongue. Of the 60 patients who died of 
cancer of the tongue, 30 had lymph node in- 
volvement on admission, and 11, or 18.3 per 
cent, showed distant metastases. The dis- 
tant metastases were widely distributed, the 
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TABLE II.—THE DISTRIBUTION OF DISTANT METASTASES IN 284 AUTOPSIES 


x 
Y | | 
¥ 4 | 
2 = } 
z| 3 | | | 
: —— S | 2 | | € 
Location of primary growth s| €] iz 
tel « rk 
o| 3 g b Sis 
|}soleile | 5] 2 
| © | 2 ,icizZ2t By 
oe la! at ae eS ie 
Lip 13 2 I I I I 
Mucosa of cheek 10 4 2 I 2 
Floor of routh 1¢ I I 
Gingiva 14 5 + 2 I 
Tongue 60/11 8 5 4 
Palate II 3 I 1 
Tonsil 27 3 I I 
Nasal cavity and sinuses 14 5 3 3 2 I 
Wall of pharynx 8 2 2 I I 
Extrinsic larynx 38 7 5 3 I I 
Intrinsic larynx 17 2 1 I 
Esophagus 560 21 6 8 2 
Total : 284 | 66 | 35 | 24 | 18 | 6 


lung being involved 8 times, the liver 5, the 
pleura 4, the myocardium, pericardium, dia- 
phragm and skeletal system twice each. In 1 
patient squamous carcinoma was found grow- 
ing in the pulmonary blood vessels. The aver- 
age age for patients with distant metastases 
was 52 years as compared with 59 years for 
those in whom the lesion remained localized. 
There were 55 males and 5 females in this 
group. 

The palate. There were 11 patients in whom 
the primary lesion was found on the hard and 
soft palates, and 3, or 27 per cent, showed dis- 
tant metastases at autopsy. The microscopic 
picture showed epidermoid carcinoma in 8 
cases and adenocarcinoma in 3—salivary 
gland origin. Five patients had _ regional 
lymph node involvement on admission. The 
3 patients with adenocarcinoma at no time 
had regional node involvement, although they 
lived for 1, 6, and 17 years, respectively, from 
onset of disease, and 2 showed visceral metas- 
tases at autopsy. Extensive dissemination of 
the tumor was found in 1 of the 8 patients 
with squamous carcinoma. In the 3 cases 
with distant metastases the pleura was in- 
volved in 2 instances while the liver, peri- 
toneum, bladder, adrenals, myocardium, 
skeletal system, skeletal muscles, lungs, skin, 
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and choroid plexus were each involved once. 
The average ages of patients with metastases 
and of those whose lesions remained localized 
were 60 and 64 years, respectively. There 
were g males and 2 females in the group. 

The tonsils and fauces. Autopsies were per- 
formed on 27 patients who died of epidermoid 
carcinoma of the tonsil, 3, or 11 per cent, of 
whom showed distant metastases at autopsy. 
Eighteen had regional lymph node involve- 
ment on admission. The pleura, lungs, and 
peritoneum were each involved once. All 3 
cases showed cancer cells in the mediastinal 
lymph nodes. It is impossible to state whether 
these nodes were secondarily invaded from 
the visceral metastases, by lymphatic exten- 
sion from the primary tumor, or from the 
metastatic disease in the cervical lymph nodes. 
There were 25 males and 2 females in this 
series. The youngest patient was 40, the old- 
est 75, with average ages of 61 and 59, respec- 
tively, in those with and without distant 
metastasis. 

Nasal cavity and paranasal sinuses. Of the 
14 patients with cancer of the nasal cavity 
and paranasal sinuses, the lesion remained 
localized in 9, while 5 (35.7 per cent) showed 
distant metastases. Three patients had 
regional lymph node involvement when first 
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Fig. 1. Longitudinal section through heart showing mul- 
tiple metastases from primary squamous carcinoma, grade 
II, of the soft palate. A, metastases on endocardium. B, 
metastases in myocardium. C, subepicardial metastases. 
Additional metastases were found in skin, serosae, liver, 
adrenals, bladder, muscles, choroid plexus, thoracic verte- 
brae, and ribs. 
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seen. There were 13 epidermoid carcinomas 
and 1 adenocarcinoma in this group. Distant 
metastases, all of epidermoid morphology, 
were found 3 times in the lungs and liver, 
twice in the pleura, and once each in the peri- 
cardium, spleen, and kidneys. The average 
age of the 5 patients with distant metastases 
was 55 years; with localized disease, 57 years. 
This series had the most even sex distribution, 
there being 8 males and 6 females. Two 
women and 3 men had visceral metastases. 

The pharyngeal wall (excluding the palatine 
and pharyngeal tonsils and the structures of 
the extrinsic larynx). Autopsies were per- 
formed on 7 males and 1 female with epider- 
moid carcinoma of the pharyngeal wall, 2 of 
whom had distant metastases at death. They 
were the youngest in the series, aged 6 and 
40 years, respectively, and the microscopic 
picture in both instances was small spindle 
cell epidermoid carcinoma, grade III. Six 


patients had regional lymph node involvement 
on admission. Distant metastases were found 
in the lungs i:. 2 instances, while the pleura, 





stomach, perigastric nodes, and liver were each 
involved once. 

The extrinsic larynx. A study of the autop- 
sies of 38 patients who died from cancer of the 
extrinsic larynx showed 7 with visceral 
metastases (18.4 per cent), 6 of whom had 
cervical lymph node involvement on admis- 
sion. Among those in whom the lesion 
remained localized in the neck there were 19 
with metastases in the cervical lymph nodes 
when first examined. Distant metastases 
were found in the lungs 5 times, in the liver 
3 times, and in the pleura, pericardium, and 
stomach once each. The youngest patient in 
this group was 38 years old; the oldest, 78. 
The average age of patients with distant 
metastases was 58, as compared with an age 
of 60 years for those with local disease only. 
There were 37 males and 1 female in this 
group. 

The intrinsic larynx. In the 17 male pa- 
tients with primary cancer of the intrinsic 
larynx, distant metastases were found in the 
lungs and liver in 1 patient, aged 76, and in 
the mediastinal nodes in another, aged 61— 
11.8 per cent. Only 1 patient had regional 
lymph node metastases on admission. The 
low incidence of both cervical lymphatic and 
visceral metastases emphasizes the tendency 
of cancer in this location to remain localized 
for many months. The youngest patient was 
46 years of age, the oldest 91. The average 
age of all patients without visceral metastasis 
was 62 years. 

The esophagus. Autopsies were performed 
on 56 patients who died from cancer of the 
esophagus, 21, or 37.5 per cent, of whom had 
distant metastases at death. The primary 
lesion was located in the upper third in 11 
cases, 20 per cent, in the middle third in 26, 
46 per cent, and in the lower third in 19, 
34 per cent. There were cervical lymph node 
metastases in 2 cases when first seen. In 1 
case the primary tumor was in the upper 
third, in the other in the middle third. 

As one might expect, there was a definite 
increase in metastases to the thoracic and 
abdominal viscera in the lower lesions. Of 
the 11 patients with tumors arising in the 
upper third of the esophagus, visceral metas- 
tases were found in only 1 or g per cent; in 
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Fig. 2. X-ray film of chest showing pulmonary metas- 
tases from squamous carcinoma of the tongue. Note the 
elevation and fixation of the left diaphragm and the shift- 
ing of the mediastinal contents to the right. The infiltra- 
tion in the lower lobe of the left lung might easily be con- 
fused with an inflammatory process. At autopsy multiple 
metastases were found in the left pleura and the heart, 
while the lower lobe of the left lung was completely infil- 
trated with the tumor. 


the middle third in 9 of 26 cases, or 34.6 per 
cent; while in the lower third dissemination 
was present in 11, or 58 per cent, of the 19 
cases. In the 21 patients with visceral metas- 
tases the liver was involved 8 times, the lung 
6, the peritoneum 3, the pleura, spleen, and 
intestines twice each, the diaphragm, kidney 
and brain once each. The mediastinal lymph 
nodes were invaded by cancer cells in 10 
instances. 

There was no appreciable age difference for 
the 3 levels. The youngest patient was 25 
years of age, the oldest 80. The average age 
for patients with visceral metastases was 55 
years; without visceral metastases, 59 years. 


THE INCIDENCE OF METASTASIS 
IN DIFFERENT ORGANS 


The tendency for many tumors to produce 
metastasis in certain special organs or struc- 
tures is well known. Rarely, we believe, is 
metastasis the result of the migration of a 
single cancer cell or of a single shower of can- 
cer emboli, nor can it be explained in terms 
of vascular distribution. Cancer cells must 
frequently be carried to the skeletal muscles, 


Fig. 3. Metastatic squamous carcinoma in a thrombosed 
blood vessel in the lung. The primary tumor was in the 
mucosa of the cheek. This is evidence of the thrombic ori- 
gin of some metastases. Additional metastases were found 
in perivascular lymphatics and in alveoli—all probably 
secondary to hematogenous metastases. A, blood vessel 
wall, B, cancer cells, C, cancer cells in perivascular lym- 
phatics. 


yet rarely are these tissues involved. It be- 
comes apparent that some tissues provide the 
optimal chemical or metabolic qualities neces- 
sary for the growth of special tumors. Willis, 
Boyd, and others have emphasized this point. 
The distribution of distant metastases is 
shown in Table II. 

Lungs (Figs. 2, 3, 4). Although in head and 
neck cancer it is possible for the lungs to be- 





Fig. 4. Longitudinal section through lungs showing dif- 
fuse permeation of the pulmonary lymphatics metastatic 
from squamous carcinoma of the tongue. 
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Fig. 5. Multiple metastases in lung and pleura from 
squamous carcinoma, grade III, of the antrum. Metastases 
were also present in the mediastinal lymph nodes, peri- 
cardium, liver, and spleen. Section on left is cut surface of 
the lung. 


come invaded by secondary cancer growths 
either by direct extension from the primary 
tumor or by way of the lymphatics, almost all 
metastatic neoplasms in the lungs arise from 
blood-borne tumor emboli which have lodged 
in arteries or arterioles. In our series tumor 
cells were found growing in both pulmonary 
arteries and veins. When secondary neoplastic 
disease has become established in the lungs, 
invasion of the pulmonary veins can readily 
produce wide systemic dissemination of tumor 
emboli. In our 228 cases of oral, nasal, and 
pharyngeal cancer, metastases were found in 
the lungs in 29, or 12.7 per cent, and in 6, or 
10.7 per cent, of 56 cases of esophageal cancer. 

Liver. Tumor emboli entering the liver may 
arrive by way of the lymphatics, the portal 
vein, or the hepatic artery. Metastases from 
primary tumors of the head and neck reach 
the liver by the latter route. Should other 
abdominal viscera or retroperitoneal lymph 
nodes be involved, it is conceivable that these 
secondary growths might in turn produce 
liver metastases through the portal vein or 
regional lymphatics. Willis found the liver 
to be involved in 116, or 36 per cent, of 323 
autopsies. He quotes Colwell as finding the 
liver involved in 24 per cent, Kettle 25 per 


cent, and Kaufman 26.5 per cent of all pa- 
tients who died from cancer. These authors 
gave no figure for head and neck tumors. In 
a group similar to ours, Burke found metas- 
tases in 8 of 54 autopsies. We noted liver 
metastases in 16, or 7 per cent, of the oral and 
pharyngeal groups and in 8, or 14 per cent, of 
the esophageal tumors. 

Pleura (Fig. 5). Eighteen, or 6.3 per cent, 
of our autopsies revealed metastatic cancer 
on the pleura, the primary tumor being 
located in the esophagus in 2 patients. In 3 
instances extensive invasion of the diaphragm 
was associated with pleural metastases. It is 
of interest to note that pleural metastases 
without lung invasion were found in only 4 
cases. In 2 patients diffuse bands of carci- 
noma were seen growing in the pulmonary 
lymphatics from the pleura to the hilus of 
the lung. 

Heart and pericardium (Fig. 1). Tumor in- 
vasion of the heart and pericardium by con- 
tinuity of tissue from lung, bronchus, esopha- 
gus, and mediastinal lymph nodes has been 
observed many times. Venous invasion by 
continuity of growth along the superior and 
inferior vena cavae is well known; tumors of 
the thyroid and kidney are especially prone 
to extend in this manner. They seldom in- 
vade the myocardium, however, but remain as 
intracardiac growths. Secondary cancer foci 
in the myocardium are the result of tumor 
emboli occluding coronary arteries or arteri- 
oles and are usually associated with wide- 
spread blood-borne metastases. A review of 
the literature, including all groups of cancer, 
gives the incidence of metastases in these 
sites as 0.28 per cent to 6.2 per cent in fatal 
cases. Willis found 20 cases with myocardial 
metastases; the primary tumor was located in 
the tongue in 2 instances, and in the lip and 
pharynx once each. Burke found 3 patients 
with myocardial metastases from cancer of 
the upper respiratory and alimentary tracts. 
In our series the pericardium was involved 6 
times—2.1 per cent—the myocardium 5, or 
1.76 per cent. 

Skeletal system. The literature dealing with 
the incidence and mechanism of blood-borne 
metastases to bone is extensive. The fre- 
quency of skeletal metastasis is exceeded only 
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by that in the lungs and liver, and if all groups 
of tumors are included, the percentages vary 
from 15 to 30 per cent. A much higher figure 
is obtained in those groups which seem to 
have a special affinity for bone, such as breast, 
prostate, thyroid, and kidney. On the other 
hand, it has been pointed out by Willis, who 
cited Rolleston, Derigs, Joll, and Gardham, 
that epidermoid carcinoma of the mouth and 
pharynx rarely yields skeletal metastasis. He 
found that cancer of the esophagus produced 
metastases in bone in 15 of 273 cases collected 
from the literature. Multiple skeletal metas- 
tases with wide systemic dissemination were 
noted in 5 of our cases—1.76 per cent. 

Other organs. Distant metastases to other 
tissues were less frequent. From the literature 
we were able to collect 17 cases of metastases to 
the kidney from cancer of the upper respira- 
tory and alimentary tracts, to which we add 2 
of our own. Blood-borne metastases to the 
stomach and intestines are rare, as we found 
only 6 cases in our series—4 in the stomach 
and 2 in the intestine. From the literature we 
collected 144 cases of intestinal metastases, 
and in only 1 instance was the primary lesion 
found in the areas studied in this paper. It 
was a case of cancer of the pharynx. In these 
groups of tumors, metastases to other tissues, 
such as brain, skeletal muscles, spleen, pan- 
creas, and bladder, appear to be extremely 
rare. We could find no instance in the litera- 
ture reviewed in which these tumors metas- 
tasized to the generative organs of either sex. 
FACTORS INFLUENCING DISTANT METASTASIS 

Syphilis. Many eminent authorities believe 
syphilis to be a causative factor in the produc- 
tion of intraoral cancer. Its importance, if 
any, in the development of visceral metas- 
tases is rarely mentioned. Burke noted dis- 
tant metastases in 4 of 20 patients with posi- 
tive Wassermann reactions out of 186 cases of 
squamous carcinoma. In our series, comple- 
ment fixation was positive for syphilis in 19 
of 94 patients tested. Syphilis, however, was 
of no etiological significance in the production 
of distant metastases, as in only 3 instances 
were the 2 conditions associated. 

Age. In this series of autopsies we found 
little evidence to substantiate the common 
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TABLE III.—RELATIONSHIP OF DURATION OF 
DISEASE TO DISTANT METASTASES 
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contention that cancer in the aged tends to 
run a comparatively benign course while can- 
cer in the young tends to be exceptionally 
malignant. The statement may be true with- 
in certain limits, but the decreased resistance 
of the aged to the associated local infection 
and their susceptibility to pulmonary diseases 
largely offsets any advantage afforded by 
lesser tumor activity. Occasionally, even in 
the presence of old age, metastases were 
widely disseminated throughout the body. 
The average age of all patients who had cer- 
vical lymph node metastases on admission 
and later were subjected to autopsy was 58 
years as compared with 59.5 years for those 
in whom the local lesion was the only evidence 
of disease. However, the 66 patients with 
visceral metastases had an average age of 
55.8 years as compared with 59.4 years for 
patients without distant metastases. 
Duration of disease. We reviewed our cases 
with the thought in mind that patients with 
epidermoid carcinoma who gave a longer his- 
tory of disease before treatment might have a 
relatively higher incidence of visceral metas- 
tases, but such was the case in only the cheek 
mucosa and esophageal groups. In the other 
groups a shorter history, both from onset to 
treatment and onset to death, was found in 
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patients with distant metastases. In the very 
small group of adenocarcinomas (6 cases), 
however, the longest durations of disease (6 
and 17 years, respectively) were found in 2 
palatal cases which showed metastases in the 
lungs and pleura at autopsy (Table ITI). 

Cervical lymph node metastasis. Since the 
most common site for metastases from epider- 
moid carcinoma is the regional lymph nodes, 
and since the more anaplastic the tumor the 
greater the frequency of node involvement, 
we attempted to determine whether cervical 
lymph node metastasis had any connection 
with the incidence of visceral metastasis. In 
Table I we show the incidence of cervical 
lymph node metastases on admission and 
visceral metastases at autopsy. Although the 
tumors of the pharyngeal group, i.e., tonsil, 
pharyngeal wall, and extrinsic larynx, had a 
high incidence of cervical metastases, rela- 
tively few showed involvement of distant 
organs at death. Of the 117 patients with 
oral, nasal, pharyngeal, and laryngeal tumors 
associated with metastatic lymph node dis- 
ease on admission, 31, or 25.5 per cent, had 
visceral metastases, while 14, or 10.3 per cent, 
of 111 patients with local disease only when 
first seen showed metastases in distant tissues 
at autopsy. It is noteworthy that in our series 
no patient with epidermoid carcinoma had 
visceral metastases who did not have cervical 
lymph node involvement at some time during 
the clinical course of his disease. Two pa- 
tients with adenocarcinoma of the palate had 
visceral dissemination of the lesion without 
ever having had cervical metastases. 


TABLE IV.—NUMBER OF PATIENTS WITH (1) 
LOCAL DISEASE ONLY AND (2) DISTANT 
METASTASES IN EACH HISTOLOGICAL GRADE 
OF EPIDERMOID CARCINOMA 
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Morphology. The tumors were graded his- 
tologically in 254 patients (Table IV). We 
have added a group designated as “grade II 
plus” in which the tumors were more ana- 
plastic than the usual grade II. The pharyn- 
geal groups showed a higher percentage of 
grade III tumors, yet the incidence of vis- 
ceral metastases in these was less than in the 
mucosa of the cheek, gingiva, and tongue 
groups where the histological picture was pre- 
dominately grade II. Taken as a whole, a 
slightly higher proportion of distant metas- 
tases was noted in grade III tumors than in 
any other; yet, excepting grade I, it would 
seem that the anaplasia of the tumor is of 
little prognostic value in estimating the 
probability of visceral metastases. 


SUMMARY 

1. The incidence of distant metastases 
from cancer of the upper respiratory and ali- 
mentary tracts has been determined in 284 
patients who died from cancer in these areas. 
Sixty-three patients, or 23.3 per cent, were 
found to have blood-borne dissemination. 
The most common sites for distant metas- 
tases are lungs, liver, and pleura, in the order 
named. 

2. Patients who died from cancer of the 
mucosa of the cheek, gingiva, palate, nasal 
cavity, and esophagus showed the greatest 
percentage incidence of systemic dissemina- 
tion of the primary lesion. 

3. Patients with distant metastases gave a 
shorter history from onset of disease to treat- 
ment and from onset to death than patients 
in whom the tumor remained localized. 

4. It was impossible to determine the 
probability of visceral metastasis from the 
morphology of the tumor or the age of the 
patient. However, the average age of pa- 
tients with distant metastases was less than 
that of patients in whom there was only local 
disease. 

5. The incidence of distant metastases at 
autopsy in patients with cervical lymph node 
involvement on admission was two and one- 
half times that of patients in whom the local 
lesion was the only evidence of disease at the 
first examination. No patient with epider- 
moid carcinoma of the mouth, nasal cavity, 
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pharynx, or larynx had blood-borne metas- 
tases in distant tissues who did not, at some 
time during the clinical course of his disease, 
have cervical lymph node involvement. 
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BACTERIAL CONTAMINATION OF WOUNDS, FROM THE 
AIR, FROM THE SKIN OF THE OPERATOR, AND 


FROM THE SKIN OF THE 


PATIENT 


JOHN WINSLOW HIRSHFELD, M.D., New Haven, Connecticut 


T is generally recognized that infection 
occurs in approximately 3 to 5 per cent of 
clean surgical wounds (3, 4, 5, 6, 7, 8, 11, 
12, 14, 15, 24, 25, 27, 28, 29, 37, 39, 40, 

41,42). The majority of these infections must 
result from a break in the aseptic technique or 
from some fault inherent in the technique. 
Methods are available for the absolute steri- 
lization of gowns, drapes, dressings, instru- 
ments, sutures, gloves, and solutions. Only 
through some gross error can these materials 
become a source of contamination. If one con- 
siders operating room procedure in its en- 
tirety, however, it is apparent that three 
sources of bacteria which are not readily con- 
trollable are involved in every operation. 
These are (1) the air, (2) the hands and arms 
of the surgeon and his assistants, (3) the pa- 
tient’s own skin. 

In this paper the importance of these sources 
of contamination is discussed, and the meth- 
ods which have been proposed for their con- 
trol are evaluated. 


AIR 


The fact that bacteria are always present in 
the air of occupied operating rooms and that 
they fall on the sterile field has been demon- 
strated repeatedly (18, 23, 25, 29, 31). It is 
also well recognized that the number of bac- 
teria in the air can be reduced by rapidly 
changing the air (16, 35), by irradiating it 
with ultraviolet light (17), by the use of ger- 
micidal aerosols (36) or by a combination of 
these methods (38). Hart (16, 21) has shown, 
and it has been confirmed in our own operat- 
ing rooms, that the air of an unoccupied oper- 
ating room, provided it is supplied with 
washed air, is nearly sterile. Furthermore, if 
the floor is mopped after each operation, very 
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few organisms can be recovered from such a 
room even though the air be agitated with 
electric fans. The bacterial count of the air 
rises, however, as soon as members of the 
operating team enter which suggests that the 
bacteria are derived from the occupants of the 
room. 

The facts enumerated are well known and 
accepted, but there are two questions regard- 
ing the bacterial flora of the air which are still 
unanswered. 

A. What is the source of the bacteria of the 
air of operating rooms? 

B. Are these bacteria from the air respon- 
sible for the majority of wound infections? 

A. The source of the bacterial flora of operat- 
ing room air. Some observers hold that nearly 
all of these organisms are derived from the 
respiratory tract of members of the operating 
team (21). There is no doubt that the nose 
and throat of members of the operating team 
contribute bacteria to the air. Hirshfeld and 


Laube have shown that surgical masks are . 


only partially effective and that especially dur- 
ing talking a significant number of organisms 
escape either through or around a mask. They 
also demonstrated, however, that very few 
bacteria are expelled from the nose or throat 
during quiet breathing and that the mainte- 
nance of silence keeps the organisms from this 
source at a low level. The respiratory tract, 
therefore, may be regarded as the source of at 
least a portion of the organisms. The exact 
number contributed in this manner depends 
chiefly upon the amount of talking done by 
the operating team and the type of mask 
worn. 

What are the other possible sources? 
Cruickshank recovered hemolytic streptococci 
from the air of wards housing badly burned 
patients who were already infected with this 
organism. White found hemolytic strepto- 
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cocci in the dust of rooms occupied by pa- 
tients with puerperal sepsis caused by organ- 
isms identical serologically with those recov- 
ered from the dust. The streptococci found in 
the air by Cruickshank were presumably de- 
rived from the dried exudate on the dressings 
of the burned patients and those recovered by 
White came from the dried lochia of the pa- 
tients with puerperal sepsis. The findings of 
these workers show that bacteria which es- 
cape from sick individuals in such discharges 
as those of draining wounds, intestinal fistulas, 
the parturient uterus, and infected burns, con- 
taminated clothing, bedding, and dressings 
from which slight agitation sends them fly- 
ing into the air on small particles of lint, dead 
epithelium, or dried pus. Once in the air they 
may contaminate the clothing of other in- 
dividuals and be carried about the hospital. 

Staphylococci predominate in all bacterial 
analyses of operating room air but they do not 
predominate in cultures of the nose and throat. 
There is, however, an unlimited source of 
staphylococci on the skin and hair of the body. 
This suggests that normal individuals may 
shed staphylococci on dead epithelial cells, 
particles of dandruff, and pieces of hair. The 
following facts strengthen this belief. 

a. If the eyebrows or hair are gently agi- 
tated over an open Petri plate of blood agar 
from 20 to 100 colonies of staphylococci will 
be found upon the plate after incubation. 

b. Similar results may be obtained by 
gently scraping the skin of the arm or by 
shaking the hem of a nurse’s uniform or an 
orderly’s coat. 

c. An astounding number of organisms, the 
majority of which are staphylococci, may be 
recovered both upon Petri plates and in the 
Wells air centrifuge from the air of a room in 
which a bed is being made. 

Since bacteria are contributed to the operat- 
ing room air by dandruff, epithelial cells, hair, 
dust, and lint from the clothing of the operat- 
ing team and the patient, experiments were 
designed to determine the importance of these 
sources. An operating room supplied with 
washed air in sufficient quantity to provide 
3% changes an hour was selected. The room 
was sealed to prevent leakage about the door 
and windows. Petri plates were placed in 


various locations about the room, some being 
exposed on the supply tables and on the instru- 
ment stand. These were usually exposed for 
15 minute periods. The Wells air centrifuge 
was used to take 1o cubic feet samples of air 
at the beginning of each 15 minute period. 
Sampling both by the Petri dish method and 
the Wells air centrifuge was generally started 
one hour before any one entered the room and 
was continued while the nurses set up the 
room, and the operation was carried out. 
Members of the team entered the room by the 
door through which air was discharged to 
avoid bringing bacteria in from the corridor. 
Once an individual had entered he remained 
until the experiment was terminated and only 
those people necessary for the conduct of the 
operation were allowed in the room. The re- 
sults of this investigation may be summarized 
as follows: 

a. There is a slight rise in the bacterial con- 
tent of the air when two nurses enter to set up 
the room. 

b. There is a marked rise in the bacterial 
content of the air, in fact it reaches its highest 
peak, while the patient is being anesthetized, 
postured on the table, draped, and the sur- 
geons are donning their gowns. 

c. As soon as the operation has started and 
active movement in the room is at a minimum, 
the bacterial content of the air sinks to a fairly 
low level where it remains until the operation 
has ended and there is again considerable 
movement in the room. At this time the bac- 
terial count again rises abruptly. 

d. The bacterial counts as recorded by both 
the Petri plates and the Wells air centrifuge 
run roughly parallel suggesting that the bac- 
teria are carried on dust particles and that 
droplet nuclei do not predominate. 

e. The average bacterial content of the air 
as well as the marked peaks which occur at 
the time of draping the patient and again at 
the end of the operation can be greatly re- 
duced by measures designed to control dust, 
dandruff, lint, etc. These are donning of ster- 
ile clothes by members of the operating team 
immediately before entering the room, drap- 
ing the patient except for the operative area 
with sterile drapes before his entrance into the 
room, avoiding rapid movements, and also 
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coating the floor with glycerine. The bacterial 
content of the air is not greatly influenced by 
observing silence. This is probably because 
ordinarily little talking is done in the operat- 
ing room and the maintenance of silence does 
not result in a large enough decrease in the 
number of organisms expelled from the nose 
and throat to manifest itself in the bacterial 
content of a room of 5,000 cubic feet capacity. 
Talking, however, discharges bacteria di- 
rectly over the wound, and although the total 
count in the room may not increase signifi- 
cantly, the number of bacteria falling into the 
wound may be greatly increased. For this rea- 
son all members of the operating team should 
maintain silence. 

These facts lead one to the conclusion that 
there are two main sources supplying bacteria 
to the air of operating rooms: 

a. The respiratory passages of the occu- 
pants which supply a fairly constant number 
of organisms all the while, the exact number 
varying with the amount of conversation and 
the type of mask. 

b. Dust, dandruff, lint, and dead epithelial 
cells from the hair, clothing, and skin of the 
operating team and from the clothing and bed- 
ding of the patient which cause the peaks that 
occur during the periods of commotion. 

It is possible that some of the bacteria from 
sources in paragraph b are originally derived 
from the nose or throat and are merely second- 
arily transported on the skin and clothing. 
Be that as it may, the fact remains that the 
sources listed in paragraph b contribute a sig- 
nificant number of bacteria to the operating 
room air. 

B. Are these bacteria from the air respon- 
sible for the majority of wound infections? 
That these bacteria are responsible for the 
majority of wound infections has not yet been 
proved. In order to prove that bacteria from 
the air are or are not responsible for the ma- 
jority of wound infections, one must be able to 
eliminate them by operating in a sterile atmos- 
phere. To date this has not been accomplished 
although Gudin has achieved this end in part 
by a complicated system of air sterilization 
and operating room technique, and Hart (19) 
has greatly reduced the number of bacteria in 
the air of his operating room by irradiating the 


air with ultraviolet light. The fact that 
Gudin claims to have reduced the incidence of 
infection by his method tends to show that 
bacteria from the air are of some importance. 
Figures on the incidence of infection in wounds 
made in an irradiated atmosphere have been 
published by Hart (19, 20) and by Overholt 
and Betts. They report that ultraviolet irra- 
diation reduced the incidence of wound infec- 
tions, and they attribute the reduction to the 
decrease in the aerial flora. This is entirely 
possible, but before accepting this explana- 
tion, one must consider two others: 

a. Bacteria may enter a wound from sources 
other than the air, and the ultraviolet light 
may kill these organisms after they have 
reached the wound. 

b. The ultraviolet light has a definite effect 
upon the tissues of a wound which may render 
them more resistant to infection. 

In so far as we know there is nog evidence to 
prove or disprove the statement that ultra- 
violet light will kill bacteria in a wound. It is 
conceivable, however, that radiation of the 
adjacent skin decreases contamination from 
this source and that radiation of the wound 
kills many bacteria which escape into the 
wound through holes in the operators’ gloves 
(10). 

Kraissl et al. have demonstrated that ultra- 
violet light of 2750 Angstréms has definite 
effect upon tissues, and they quote various 
workers who believe that irradiation has a 
beneficial effect upon the wound itself. There 
is also some evidence that certain amounts of 
x-radiation increase the resistance of the peri- 
toneum to subsequent bacterial invasion (1). 
Radiation of a wound may render it more re- 
sistant to infection. 

It is important to determine which of these 
explanations of the decreased incidence of in- 
fection observed by Hart in wounds made in 
an irradiated atmosphere is correct. If the 
elimination of aerial bacteria is the end to be 
achieved, it becomes necessary to irradiate 
the entire room. If the changes in the wound 
produced by radiation are the cause of the 
lower incidence of infection, it will only be 
necessary to radiate the wound. Only when 
these problems have been solved can ultra- 
violet radiation be used intelligently. 








Celle a Se. ll a a as 


ss 








HIRSHFELD: BACTERIAL CONTAMINATION OF WOUNDS 75 


THE SKIN OF THE OPERATOR 

Surgeons have been offered a great variety 
of methods for the preparation of their hands, 
but until Price published his papers (33, 34) on 
the bacterial flora of the skin, they were at aloss 
to determine the effectiveness of any of these 
methods. Price is the first worker to present a 
simple and reliable method by means of which 
the bacteria on the skin may be counted, and 
the effect upon them of scrubbing or the appli- 
cation of germicides can be studied. Two 
facts have come out of his work which are 
especially pertinent to this discussion: 

a. Complete sterilization of the skin of the 
hands and forearms is so difficult that practi- 
cal considerations render it an impossibility. 

b. The bacterial flora which remains on the 
skin after scrubbing doubles itself every 40 
minutes beneath dry gloves and every 50 min- 
utes beneath wet gloves. 

In order to convince himself of the truth of 
the latter rather startling statement the au- 
thor cultured gloves which had been worn for 
varying periods. The number of organisms 
recovered varied from 1,000 to over 1,000,000 
depending upon the individual, the amount of 
perspiration in the glove, and the length of 
time it had been worn. This demonstrates 
that an enormous number of bacteria may 
escape from a torn glove in a drop of sweat. 
The hazard presented by a torn glove is 
greater than that offered by the air, since 
ordinarily only 50 or 60 bacteria per hour fall 
into a wound from the air. 

Devenish and Miles have traced an epi- 
demic of Staphylococcus aureus wound infec- 
tions to this source. They found that of two 
surgeons who were doing most of the operat- 
ing in their hospital, only one was cursed with 
wound infections. Both of these men were 
nasal carriers of a virulent strain of hemolytic 
Staphylococcus aureus, but the one whose 
wounds became infected also carried a viru- 
lent strain of hemolytic Staphylococcus au- 
reus on his hands. Tests showed that these 
organisms passed through the sleeves of his 
gown which was made of coarse linen (48 
threads to the inch). They also passed through 
holes in his gloves. Punctured gloves proved 
to be very common, the incidence of holes in 
6,585 patched and unpatched gloves being 24 


per cent and in 380 unpatched gloves 14.5 per 
cent. When precautions were taken to pre- 
vent this source of contamination by wearing 
oversleeves of batiste' and taking care to 
avoid puncturing gloves, the infections ceased. 

A check of the gloves in our own operating 
rooms revealed a puncture incidence of 18 per 
cent in 429 gloves. In most cases the members 
of the operating team did not realize that their 
gloves had been torn. 

While this work of Devenish and Miles 
needs confirmation by other workers, it seems 
to be very important. It raises immediately 
the possibility that some of the wound infec- 
tions previously thought to be due to droplet 
spray from the nose and throat may have 
come about because the surgeon harbored on 
his hands the same organism that he carried 
in his throat. Price (34) has shown that when 
the skin is constantly exposed to certain bac- 
teria they may become part of its resident 
flora. Gillespie et al. found that of 159 medi- 
cal students 43.4 per cent were nasal carriers 
of virulent strains of staphylococci, while 19.5 
per cent were skin carriers, and 12.6 per cent 
were double carriers. The recovery of bacteria 
which are serologically identical from an in- 
fected wound and from the nose or throat of a 
member of the operating team does not entitle 
one to assume that the infection occurred via 
the air. It is necessary first to ascertain that the 
individual in question does not carry the same 
organism on his hands and that he did not 
puncture his glove. Just how many infections 
occur through the air and how many as the 
result of torn gloves remains to be demon- 
strated. If punctured gloves prove to be the 
chief cause of infected wounds, radiation of 
the air may not be necessary, and the present 
practice of wearing extremely thin gloves will 
have to be changed. The gloves worn by most 
surgeons at present are so delicate that they 
are torn with great frequency. It is interesting 
to recall that Harvey Cushing, who had an ex- 
tremely low incidence of infection in spite of his 
lengthy operations, always wore heavy gloves. 


THE SKIN OF THE PATIENT 
It is difficult, if not impossible, to evaluate 
the réle played by the patients’ own skin in 


1Brit. Pharm. Codex 1934, p. 1136. 
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the production of infected wounds. In some 
clinics great care is taken to cover the skin 
with sterile pads while in others no attempt is 
made to protect the skin adjacent to the 
wound. Occasionally surgeons employ noth- 
ing more in the way of skin preparation than 
simple removal of the grease and dirt with 
benzene (30) while others paint it with power- 
ful germicides (2). In spite of these differences 
in technique, the reported incidence of wound 
infection in different clinics does not vary 
markedly. 

These observations would seem to indicate 
that the skin of the patient is not as important 
as some other sources of contamination. The 
explanation probably lies in the facts which 
Price has made available (33, 34, 35). He has 
shown (33, 34) that there are two bacterial 
flora on the skin, the “transient” and the 
“resident.” The ‘‘transient”’ flora is loosely 
attached to the skin and is composed of bac- 
teria which have been picked up by the indi- 
vidual from his environment, and it varies 
from day to day in quality and quantity. It is 
scant on clean protected skin, and profuse on 
dirty, greasy, exposed areas of the body. The 
bacteria composing the “‘transient”’ flora are 
easily removed by a few minutes of scrubbing. 
The “‘resident”’ flora on the other hand is for a 
given individual quite constant. The bacteria 
composing it are so tightly attached to the 
skin that theoretically 214 hours of continu- 
ous scrubbing with soap and water are re- 
quired to remove all of them (34). It is not 
likely that many of the “resident’”’ flora are 
brushed into the wound by the touch of an 
instrument or gloved hand. In addition the 
germicides which are commonly applied to a 
clean skin certainly destroy, or at least in- 
hibit, the growth of many loosely attached 
bacteria. It is those organisms which are 
tightly attached to the skin which survive the 
application of germicides. Some chemical ger- 
micides, notably the mercurials do not de- 
stroy the organisms but imprison them be- 
neath a tough impervious film (35) which pro- 
tects the wound. 

It is the author’s opinion that the impor- 
tance of the “‘resident”’ flora on the patient’s 
skin as a source of wound infection has been 
exaggerated. If the skin is properly freed of 


“transient” bacteria, the tightly ‘‘resident”’ 
flora probably do not present a serious hazard. 
However, no one has been able to prove this 
contention one way or another, and until some 
one does, it behooves surgeons to reduce the 
bacterial flora of the patient’s skin to as low a 
level as possible. This is especially true of ex- 
posed parts of the body where the “resident”’ 
flora may be partially composed of virulent 
bacteria as a result of a long contact with 
sources of these organisms (34). The meth- 
ods of accomplishing this together with their 
experimental bases have been outlined by 
Price (33). 


SUMMARY AND CONCLUSIONS 


Infection occurs in from 3 to 5 per cent of 
all clean operative wounds. Barring a ‘‘break”’ 
in technique there are three possible sources 
from which the bacteria responsible for these 
infections may come. These are the air of the 
operating room, the hands of the operator, and 
the patient’s own skin. Two sources contrib- 
ute to the bacteria of the air: (a) the respira- 
tory tract of members of the operating team 
and (b) the skin, hair, and clothing of the 
operating team and the patient. The num- 
ber of these bacteria may be reduced by meas- 
ures directed toward controlling them at their 
source. Such measures are observance of 
silence and use of proper masks, wearing ster- 
ile clothing in the operating room, posturing 
and draping the patient before bringing him 
into the operating room, and avoiding unnec- 
essary motion and activity. The number of 
these bacteria can also be reduced by irradiat- 
ing the air with ultraviolet light, by spraying 
it with germicidal aerosols, by constantly re- 
moving the contaminated air and replacing it 
with sterile air, or by a combination of these 
methods. Reducing the number of bacteria in 
the air by irradiating the air with ultraviolet 
light is said by Hart (19, 20) to be accompa- 
nied by a decrease in wound infections. It has 
not yet been proved whether this decrease in 
infection is due to a decrease in the number of 
bacteria falling into the wound from the air, 
to the destruction of bacteria in the wound 
which have gained access to it from sources 
other than the air, to prevention of contami- 
nation of the wound by bacteria from the adja- 
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cent skin, or to changes caused in the wound 
itself by the irradiation which make it more 
resistant to infection. The answer to these 
questions will determine the type of radiation 
to be used in the future. 

While the number of bacteria which fall into 
a wound from the air is relatively small, there 
is evidence to prove that large numbers of bac- 
teria may escape into a wound through holes 
in the surgeon’s gloves. Many individuals 
carry virulent bacteria on their hands as well 
as in the nose and throat. Since the incidence 
of torn gloves is larger than is generally real- 
ized, the hands of the surgeon are perhaps a 
more dangerous source of contamination than 
the air. Devenish and Miles have traced an 
epidemic of wound infection to this source. 
Infection from this source can be prevented if 
surgeons will discard the delicate rubber 
gloves which tear so easily and return to the 
heavier ones which were worn a few decades 
ago. 

The part played in wound contamination 
by the patient’s own skin is uncertain. The 
fact that there is very little difference in the 
reported incidence of wound infection from 
clinics in which the treatment of the skin 
differs suggests that it is not too important. 
However, since it is known that the normal 
skin rarely harbors fewer than 10,000 bacteria 
per square centimeter (34), it is advisable to 
take all the practical steps that are available 
to reduce their number, at least until their 
significance is established. It is especially im- 
portant to protect the skin during long opera- 
tions for it has been shown (25) that the num- 
ber of bacteria that may be recovered from the 
skin increases as the length of an operation 
increases. 
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BENEFICIAL EFFECTS OF OXYGEN THERAPY IN 
EXPERIMENTAL TRAUMATIC SHOCK 


J. G. SCHNEDORF, M.D., Ph.D., and THOMAS G. ORR, M.D., F.A.C.S. 
Kansas City, Kansas 


NOXIA is an important factor in the de- 
velopment of shock. A fall in blood 
pressure which causes a decrease in the 
volume and rate of blood flow through 

the capillaries produces stagnant anoxia. Second- 
ary reflex and anoxic effects upon the respiratory 
center may produce alterations in the depth and 
rate of respiration and thereby cause an anoxic 
anoxemia. This has been demonstrated in 1920 
by Aub and Cunningham. They reported that 
traumatic shock in cats under urethane anesthesia 
caused a marked slowing of the blood flow and a 
marked decrease in the oxygen content of the ve- 
nous blood from an average of 12.3 volumes per 
cent to 4.8 volumes per cent. A reduction in the 
oxygen content of arterial blood from an average 
of 17.2 volumes per cent to 12.8 volumes per cent 
is also shown in their data. 

More recently Boothby, Mayo, and Lovelace 
have emphasized the presence of stagnant anoxia 
and the need of inhalations of high oxygen con- 
centrations in shock. They state: ‘The blood as 
it passes through the capillaries gives up to the 
tissues, under normal circulatory conditions, only 
about 40 per cent of its load of oxygen: the venous 
blood, therefore, is still about 60 per cent satu- 
rated, and . . . the average partial pressure of 
oxygen in the capillaries will correspond to ap- 
proximately 35 millimeters of mercury (effect of 
carbon dioxide neglected). If for any reason the 
rate of circulation is decreased, as occurs for ex- 
ample in shock, the blood may give up as much 
as, or even more than, 80 per cent of its load of 
oxygen as it passes slowly through the capillaries: 
therefore the venous blood is only 20 per cent 
saturated and . . . will exert a pressure equivalent 
to approximately 14 millimeters instead of 35 mil- 
limeters of mercury. Now, if nothing else is done 
but to cause the patient to inspire 100 per cent 
oxygen, instead of 21 per cent oxygen contained 
in the air, the arterial blood which leaves the lungs 
will contain, as has been shown, 2.2 cubic centi- 
meters more oxygen per 100 cubic centimeters. In 
consequence the capillary and venous blood also 
will contain from to to 15 per cent more and will 
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be 33 per cent saturated instead of 20 per cent 
saturated . . . there will be a corresponding in- 
crease in the partial pressure of oxygen in the 
capillaries, from 14 to 21 millimeters, which is the 
equivalent of a 50 per cent increase in the pres- 
sure of oxygen in the tissues.”’ It has been their 
custom to administer roo per cent oxygen rou- 
tinely to patients who have undergone extensive 
surgical procedures, and in the severe cases to 
augment this with blood transfusions. 

Gellhorn and Lambert report that anoxemia 
produced by inhalation of 7 to 9 per cent oxygen 
greatly decreases the pressor reflexes of the carotid 
sinus in narcotized dogs. This suggests the delete- 
rious effect of anoxemia upon this important body 
mechanism for maintaining the blood pressure. 

Moon reports pathological evidence of disor- 
dered capillary function in the viscera and other 
areas remote from the site of injury in traumatic 
shock. He has observed capillary dilatation in the 
viscera, stasis, edema, and petechiae in the lungs 
and in the mucosa and serosa of the parenchy- 
matous organs. Moon believes, without experi- 
mental evidence, that the presence of anoxia in 
shock is an important factor in producing these 
remote alterations in capillary permeability and 
tone. He logically advocates the early use of oxy- 
gen inhalations in the treatment of shock. He 
emphasizes his belief that the loss of body fluids 
in these sites remote from the injured area is of 
great importance in the augmentation of the shock. 
The local loss of body fluids into and near the 
traumatized area has been regarded as the most 
important factor in the production of experimen- 
tal traumatic shock in the animal experiments of 
Blalock (3, 5) and of Parsons and Phemister. Bla- 
lock (4) has also observed definite alterations in 
the tissues of anesthetized animals subjected to 
traumatic shock. In some instances gross hemor- 
rhage was seen in the lumen of the intestine. He 
ascribed these changes to the direct lack of suffi- 
cient oxygen. In a publication on the prevention 
and treatment of shock, Cressman and Blalock (7) 
conclude that “it would seem logical to use oxy- 
gen inhalations in the treatment of traumatic 
shock, at least until the blood volume could be re- 
stored, carrying the patient over a critical period.” 
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Increased permeability of the capillaries in the 
mesentery of the frog during anoxemia is reported 
by Landis. He found that the anoxemic capillary 
wall failed to retain plasma proteins efficiently 
and the permeability to fluid was increased to 3 
times normal. If the anoxemia was not too pro- 
longed, these effects on the permeability were 
reversible; but prolonged anoxemia produced an 
irreversible increase in the permeability. 

The importance of oxygen in maintaining cap- 
illary permeability and tone was also demonstrated 
in the experiments of Schnedorf upon nembuta- 
lized dogs. The mild degree of trauma associated 
with the slow aseptic cisternal withdrawal and 
immediate replacement of 6 to 8 cubic centimeters 
of cerebrospinal fluid caused marked elevations of 
intracranial pressure (124 to 156 mm.), an increase 
in cerebrospinal fluid protein (122 mgm. per cent) 
and cells (1,545) above normal, while the arterial 
blood oxygen saturation was depressed to to 15 
per cent below normal level. Similar withdrawal 
and replacement of cerebrospinal fluid in another 
series of dogs, in which the blood oxygen satura- 
tion was maintained at or above normal by the 
administration of nasal oxygen, decreased the se- 
verity of these reactions. In this group, the cere- 
brospinal fluid pressure rose only 63 to 69 millime- 
ters, proteins were 53 milligrams per cent, and 
the number of cells in the cerebrospinal fluid was 
only 672. 

The literature contains only one report of ex- 
perimental studies on the effects of inhalation of 
high concentrations of oxygen in shock. Wood, 
Mason, and Blalock (16) produced mild shock in 
5 dogs by repeated small hemorrhage, in 7 dogs 
by the repeated subcutaneous injection of small 
doses of histamine, and in 11 dogs by trauma to a 
limb. These procedures resulted in a fall of 50 to 
70 millimeters of mercury in the blood pressure, 
a marked increase in the pulse rate, a slowing of 
the respiration, an increased hematocrit volume, 
and a low oxygen content of the blood from the 
femoral, renal, and portal vein and from the right 
heart. After the dogs inhaled pure oxygen for 15 
minutes, an average 6 and 7 millimeter rise in the 
blood pressure was observed in the dogs in shock 
produced by hemorrhage and histamine. No in- 
crease in the blood pressure of dogs in traumatic 
shock occurred. The pulse slowed 15 to 42 beats 
per minute, respirations increased 3 to 5 a minute 
while the oxygen content of the arterial and ve- 
nous blood of the parts of the body studied was 
increased in ali of the types of shock. 

The effect of the administration of oxygen for 
periods longer than 15 minutes was not reported. 
The single observations made after 15 minutes of 


oxygen do not preclude the possibility of opera- 
tion, during that interval, of the normal body 
mechanisms which tend toward recovery. This 
possibility together with the difficulty in control- 
ling the degree of shock and fluctuations in blood 
pressure by their methods warrants a further in- 
vestigation of this problem. 

This paper reports the results of our studies of 
the effect of oxygen inhalation upon experimental 
traumatic shock in dogs. The effects of shock due 
to histamine and hemorrhage will be reported 
separately. 


METHODS 


Twenty normal dogs were used in this study. 
All of the animals were deprived of food and water 
for 12 hours before they were used and were under 
basal conditions. Because of the duration of the 
experiments and for humane reasons the work was 
done under intravenous sodium pentobarbital an- 
esthesia (25 to 30 mgm. per kilogram of body 
weight). Only the initial injection was necessary 
in all cases: after the development of shock the 
low blood pressure helped to maintain the animal 
unconscious. Sodium pentobarbital anesthesia was 
used with a complete knowledge of its anoxic ac- 
tion reported by Schnedorf and also by McClure, 
Hartman, Schnedorf, and Schelling. Even though 
it is responsible for some of the anoxia present in 
our animals, it produces a basal condition in both 
the control and the treated animals and avoids 
fluctuations of the blood pressure produced by 
nervous and pain reflexes which would occur dur- 
ing manipulation of the unanesthetized dog whose 
limb had been traumatized. 

The blood pressure and pulse rate were recorded 
by the optical manometric method of Hamilton 
et al. With this method it was not necessary 
to cannulate an artery. The readings were ob- 
tained by puncture of the right femoral artery 
with a 20 gauge needle. A record of the blood 
pressure, pulse, and respiration was made before 
and every 2 hours after the trauma was produced 
until death occurred. The duration of life was 
also noted. Hematocrit determinations were made 
on 1 cubic centimeter samples of oxalated blood 
by the capillary tube method. 

After the initial readings were taken an attempt 
was made to produce a uniform degree of trauma 
in all of the dogs. The left hind limb was trauma- 
tized by 20 blows to each side with an iron bar. 
The femur was fractured in all cases. Care was 
taken to confine the blows to the leg and avoid 
injury to the abdominal wall and main vessels. 
Immediately after death, the intestines and vis- 
cera were examined and both lower limbs were 
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TABLE I.—TRAUMATIC SHOCK IN NEMBUTALIZED DOGS BREATHING ATMOSPHERIC OXYGEN 
(21 PER CENT) 





















































































































































| Weight in grams : Blood pressure Pulse Respiration | Hematocrit 
Per cent iat mm. mercury 
SRE ie se eee wt. loss —- eas — accmamanel 
Dog into life-hrs | | 
i a aot! Cai limb = | Bion < | Nor- | Nor- . | Nor- | Maxi- 
| Total L. Leg|R.Leg | Gain | ma 14 hrs. 6 hrs. 8 hr eal) 14 hrs mal 14 hrs. ial! tence 
I | 6,450 532 678 146 2.2 4.0 120 | ° | D D 156 192 22 24 47 56 
2 6,300 450 642 | 192 3.0 | 4.50 130 | 20 | DP iD is 44 180 6 10 48 55 
= ——— EEE = - — ——— - — ——— o— ———EEE EEE —— 
3 | 5,750 456 651 | 105 | 3-4 6.25 | 120 90 | 40 D 132 156 6 8 44 48 
4 4,200 302 470 | 174 | 4.1 36.0t | 160 | go 100 7° | 156 186 5 22 52 60 
5 | 9,550 532 043 | 411 re! 3.16 | 160 | D6o D | D | 180 168 6 38 49 45 
6 | 6,900 | 740 | 1055 315 4.5 | 7 | 100 70 | 60 | D | 96 | 120 13 14 | 40 56 
7 | 6,550 | 483 | 778 | 205 4.5 | 3.16 140 | D35 D | D | 168 | 180 10 52 40 46 
8 6,000 383 605 312 | 5.2 | 4.66 140 7° D D 204 | 168 6 8 30 26 
“a = ennai eS Soe — | = as = — — PSE RES See EE 
9 | 6,750 | 460 | 830 | 370 | 54 | 8.66 140 | 120 | 140 | 110 | 180 | 192 6 20 | 30 48 
_—- ere : = LOR (Tr 22, Nien Es sc cha) (Bek (Meal) Rac 2s 
10 | 8,100 | 510 | ggo | 480 | 5.9 | 4.2 | 140 30 | D | D | 132 | 156 10 8 | 41 49 
Average _ | 6,625 | 484 | 773 280 4.2 4.55 lx 35 64-2D| 6D | 8D | 154 169 9 20 | 42 49 
*Right leg traumatized 
tOmitted from average D—Dead 
weighted. The limbs were amputated along Pou- Ten of the dogs served as controls and breathed 


part’s ligament and through the joint, care being atmospheric air (21 per cent oxygen). The other 
taken to remove all of the muscle. In only 4cases_ 10 dogs were treated with oxygen by nasal cath- 
about 25 to 30 cubic centimeters of blood was’ eter. Oxygen flow through the catheter was main- 
found in the subcutaneous tissues of the abdom- tained at 8 liters per minute. According to Barker, 
inal wall. This was excised and weighed with the Parker, and Wassell this produces an alveolar con- 
traumatized limb. In the absence of gross hemor- centration of 50 to 55 per cent oxygen. 

rhage and edema above the limb, amputation of Samples of blood were drawn anaerobically from 
the hind limb alone was thought to be as accurate the femoral artery at 2 hour intervals in 4 dogs 
as transection of the lower end of the animal above and analyzed for oxygen content, oxygen capac- 
the pelvis as suggested by Blalock (3, 5). ity, and oxygen saturation according to the method 


TABLE Il.—TRAUMATIC SHOCK IN NEMBUTALIZED DOGS TREATED WITH 100 PER CENT 












































































































































































































































































































































OXYGEN BY NASAL CATHETER (8 LITERS PER MINUTE) 
Weight in grams ea aa , pong emery Pulse Respiration | Hematocrit 
: ‘ zength 
| Total | L. leg |R. leg*| Gain limb ee —_ 4 hrs. | 6 hrs. 8 hrs. —. 4hrs. pen 4hrs. | — a 
I - | 6,950 | 490° Ge | 170 2.5 ; 7-75 | 140 go | ?. oe 300 196 6 | 10 35 42 
2 | 7,200 $ | 665. 865 | 200, “ ‘2 - : 6.75 | “100 ¥ 110 | 80 | “D 120 ~ 60 4 6 41 44 
3 | s300 | 386 | sor | 17s | 33 | 425 | 120] 30| D | D | a32 | 156 | 38 | 20 | 43 | 48 
BP 7,860 605 gro | 305 | fa 120 100 100 D 144 228 4 12 42 51 
5 9,700 “725° 1159 7 434 | 4.4 9.33 165 150 | 80 40, “156 | 84 <3 4 so 61 
i | 6,080 425 F 700 7 275 4.5 14.50 | 7 60 ; 65 4 55 7 "380 192 12 18 35 43 
_ 7 | 7,500 “573 "932, 359 Ss Bas mm | 120 60 40 10 156 156 6 36 42 60 
_ 8 | “74550 “540 ‘912 371 a | 7 6.75 i 3 130 7° ey ay J 132 “392 10 22 5° 62 
9 | 6400 | 376 | 687 | sxx | 50 | 850 | 50 | 80| 60 | 4o | 132 | 176] 6 | 26 | 48 | 48 
10 a 6,500 1 460 706 | 336 | $1 - 11.50 100 7° 7° 40° 120 216 6 18 23 25 
a : 7,074 524 8190 | 206 | . 4.1 ny: aT x 226 ~ 2 | 1D 5D 148 165 eu 19 40.9 | 48.4 























*Right leg traumatized 
tOmitted from average D—Dead 
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TABLE III.—EFFECT OF OXYGEN INHALATIONS 
UPON ARTERIAL BLOOD OXYGEN IN NEM- 
BUTALIZED* DOGS IN TRAUMATIC SHOCK 


=i 
Atmospheric oxygen (21 per cent) 












































, Cs inicapeaictatgl 
= | F | sie | Femoral artery blood 
€| £ | wlood| | | Res- | Hema | ——————__ 
: Pulse | pira- vol. | Per cent 
.. | = per cent | Content |Capacity| of satu- 
= | | | ration 
| ° 390 132 | 6 | = 7 | 35.65 20.36 | 76. ko 
| 2 150 we | 8 “46 | s660 | 20.29 | 82.3. 
>Ta | ol sss | 38 | as. “| 0.10 | ‘anos | 873 _ 
mn so | 168 | 10 | 48 | 10.42 | 22.02 | 88.2_ 
o | 100 | 96 | 13 | 4o | 14.22 | 10.33 | 73.0 
2 | 120 239 | 12 48 : tee | 10:36 rr 
"Ta | v0 | x20 | 4 | 56 - | Clotted: 
} 6 | 60 20 | a | és | 16.97 19.40 | Gea 
.t | 100 per cent oxygen nasal catheter (8 L. per min.) 
o | 100 120 | 4 | 4l | 16.54 | 19.65 | 84.2 ; 
2 | 120 72 4 | a | 28.43 | 20.02 | 92.0 ‘ 
Pa) a) Bical) Bh ae eaitideeaiaias wa S a 
“| 4 110 | 60 6 | 43 | 18.46 20.16 | 91.6 
ae ‘80, | a6 % ; | e 18.58 joe on o 
7 | ° | kr 120 44 - 4 42 eee | ane | 83.5 
2 | 3 120 216 3 43 19.88 | 21.34 92-7. 
ai 4 100 ory “s 40 aod ‘ pry 62 g1.9 ‘ 
6 | 100 | 102 | 8 | st | 10.24 | 20.06 | or8_ 














*25 to 30 milligrams per kilogram of body weight, intravenously. 


of Van Slyke and Neill. Similar analysis was made 
upon single samples of blood obtained from the 
femoral vein of 6 dogs after shock had developed. 
RESULTS AND THEIR EVALUATION 

The group of 10 control and 1o treated dogs 
was found to be sufficiently large to cover the un- 
avoidable variation in the degree of trauma pro- 
duced by blows to the hind limb in the 2 groups 
of dogs studied. The results presented in Tables 
I and II were arranged according to the increased 
weight of fluid loss into the traumatized limb. An 
average of each column is then presented at the 
bottom of the table. It is observed that the 2 
groups of dogs were of fairly uniform weight, and 
while the fluid weight loss into the traumatized 
limb, expressed in percentage of the total body 
weight, varied from 2.2 per cent to 5.9 per cent, 
the average weight loss in the control group was 
4.26 per cent and that of the group treated with 
oxygen was 4.11 per cent. This indicates that the 
average amount of trauma and fluid loss into the 
injured limb was fairly uniform in the 2 groups. 
With this in mind the difference in the length of 


GYNECOLOGY 


AND OBSTETRICS 


TABLE IV.—EFFECT OF OXYGEN INHALATIONS 
UPON VENOUS BLOOD OXYGEN IN NEM- 
BUTALIZED DOGS IN TRAUMATIC SHOCK 


| 
Atmospheric oxygen (21 per cent) 


Femoral blood oxygen 


| Hema- 
og | | | : 
Dog | Blood Res- | tocrit 
| pres- | Pulse | pira vol. Aas. 
|} sure tion | per ‘al | Percent 
| aaa |Content Capacity} satu- 
| ration 
| | | 
|_——|— —|————]| - a 
I | 40 192 | 24 | 56 | 8.29 21.98 | 37.7 
7 35 180 52 46 2.37 19.86 11.9 
5 60 168 38 45 | 6.14 | 21.42 28.7 
Average 15 0 | 24 | 49 | 5.60 21.62 26.1 


1090 per cent oxygen by nasal catheter (8 L. per min.) 








I 40 | 218 40 41 | 9.04 20.13 | 44.9 

4 ; 30 1b | 20 a. } gs ary : 37.60 

: 6 | 60 1g2 24 43 Ete 20.45 52.3 
Average | 43 | 188 | ; 28 | ¥ 4 | 9.80 20.31 ie 


*Normal oxygen content of femoral vein is 13 to 14 volumes per cent. 


life of the 2 groups of dogs is striking. The length 
of life of the untreated group (Table I) varied from 
the 3 hours and ro minutes to 8 hours and 40 min- 
utes, averaging 4.5 hours. Dog 4 in this group 
lived 36 hours. This was such a wide variation 
from the average that it was not included in the 
length of life of the group. No reason can be 
offered for this variation except that this dog had 
the highest initial hematocrit reading (52 per cent) 
of the group and therefore may have been more 
resistant to shock. The length of life of the group 
treated with oxygen (Table II) varied from 6 hours 
and 45 minutes to 14 hours and 30 minutes, with 
an average of 7.7 hours. This represents a 70.3 
per cent increase in the duration of life over the 
untreated group. (Dog 4 was also omitted from 
this average to compensate for omission of dog 4 
from the untieated group.) The average initial 
blood pressure fell from 135 millimeters of mer- 
cury to 64.5 millimeters of mercury in 4 hours in 
the untreated group while in the treated group it 
fell from 126.5 millimeters to only 82 millimeters 
of mercury. Further comparison at 6 and 8 hour 
intervals shows striking differences in the blood 
pressure and mortality in the 2 groups. The pulse 
and respiration increased in both groups with the 
development of shock. No significant difference 
was observed in the averages of the 2 groups. The 
hematocrit determinations showed an increased 
concentration of the blood in both groups indi- 
cating that more plasma than red cells was lost 
into the traumatized limb. The average hemato- 
crit increase in the untreated group was +6.8 per 
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cent and that of the untreated group was +7.5 
per cent. 

The results of arterial blood oxygen studies up- 
on 2 untreated and 2 treated dogs are shown in 
Table III. The oxygen content was low in all 4 
animals (15.65 to 17.55 volumes per cent). In 
most instances the oxygen capacity increased with 
the hematocrit values. The oxygen saturation in 
the 2 untreated dogs increased from a low of 73 
and 76 per cent before trauma to 87 and 88 per 
cent 6 hours after injury. The early undersatura- 
tion is due mostly to the anoxemic effect of the 
anesthetic. However, after 4 hours the anoxemia 
observed is caused more by the shock which is 
progressing and less by the anesthesia which is 
wearing off. In the dogs treated with oxygen the 
arterial oxygen saturation was maintained around 
92 per cent throughout. 

The normal oxygen content of blood from the 
femoral vein is approximately 13 to 14 volumes 
per cent and the oxygen saturation is about 60 
per cent. Table IV shows that shock decreased 
the oxygen content of femoral vein blood to 5.6 
volumes per cent and the saturation to 26.1 per 
cent. In the 3 dogs treated with oxygen inhala- 
tion the oxygen content averaged 9.8 volumes per 
cent and the saturation was 48.2 per cent. These 
results show that oxygen therapy can significantly 
elevate the oxygen content and saturation of the 
arterial and venous blood even in the presence of 
a slowed circulation in shock. These blood studies 
correlate with the more extensive observations of 
Aub and Cunningham and of Wood, Mason, and 
Blalock (16) and for this reason more studies were 
not made. The resistance to blood pressure fall 
and the increased length of life of the dogs treated 
with oxygen as compared with the untreated dogs 
demonstrates further the beneficial action of oxy- 
gen inhalation upon experimental traumatic shock. 

Capillary dilatation or hemorrhage in the intes- 
tines and edema of the viscera and of the lungs, as 
described by Moon and Blalock (4) in their dogs, 
was not present in any of our animals. At autopsy 
the intestines were blanched, the liver and partic- 
ularly the spleen were contracted suggesting loss 
of blood volume. 


CONCLUSIONS 


1. Anoxia is very important in the develop- 
ment and augmentation of traumatic shock. 

2. A decrease in the oxygen content and satu- 
ration of blood from the femoral artery and vein 
was observed in nembutalized dogs in traumatic 
shock. Oxygen therapy significantly increased the 
oxygen in the arterial and venous blood. 

3. While the degree of trauma, as indicated by 
the average amount of fluid loss into the trauma- 
tized limb, was the same in 10 control dogs (4.26 
per cent of the total body weight) and the 10 
treated dogs (4.11 per cent of the total body 
weight) the average life of the control dogs was 
4.5 hours and those treated with oxygen lived 
7-7 hours. Thus the oxygen caused a 70.3 per cent 
increase in the duration of life in dogs with trau- 
matic shock. The blood pressure of the dogs 
treated with oxygen was higher 4, 6, and 8 hours 
after the trauma than that of the untreated group. 

4. Inhalation of a high concentration of oxygen 
is indicated in the treatment of traumatic shock. 
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THE TWELFTH RIB INCISION AS AN APPROACH 
TO THE KIDNEY 


KENELM H. DIGBY, M.B., B.S., F.R.C.S., Hong Kong, China 


HE old popular approach to the kidney 
by an oblique incision 1 centimeter be- 
low the last rib has the following dis- 
abilities: 

1. In cases made difficult by the excessive fat- 
ness of a patient, renal adhesions, or other cause, 
the exposure of the kidney may be inadequate. 

2. The subcostal nerve and its branches are 
liable to injury. 

3. The subcostal vessels, or their branches and 
tributaries which all ramify below them, must be 
damaged to some extent. 

The first disability is due to the fact that al- 
though the incision lies approximately over the 
middle of the kidney the upper border cannot be 
retracted because of the rigidity of the last rib 
and of the fibrous structures enclosing it and con- 
tinued forward from the tip (Fig. 1). It has 
therefore been the practice to resect the last rib 
subperiosteally when further exposure of the kid- 
ney becomes imperative. One frequently dis- 
covers, however, that this does not yield very 
much freedom because the periosteum about the 
rib with the subcostal vessels and nerves still 
forms a tight band. If these have to be divided 
it is well to do so toward the lateral end of the 
rib so as to avoid danger to the pleura. 

It occurred to the writer that it might therefore 
be advantageous to make the incision directly 
over the last rib and carry it forward in the same 
line slightly higher than the usual incision. After 
the rib has been resected, the periosteum deep to 
it is incised longitudinally above the subcostal 
vessels and very far out almost at the tip. In 
this way much freer exposure of the kidney is 
provided (Fig. 1) and damage to subcostal vessels 
and nerves and their branches is avoided. 

Indeed, as the incision is made along an inter- 
segmental septum (between eleventh and twelfth 
thoracic segments) there is considerably less hem- 
orrhage than when the incision is made lower 
down. 

Although the incision is now above the middle 
of the kidney the lower as well as the upper mar- 
gin can be retracted sufficiently to expose the 
corresponding pole of the kidney as it lies im situ 
(Fig. 1). 


From the Department of Surgery, University of Hong Kong. 


The method was first practiced on a small series 
of cadavers, and the increased freedom of expo- 
sure was remarkable. It is difficult in an operative 
surgery class to teach the details of renal opera- 
tions on a stiff formalin-preserved cadaver, but 
with the twelfth rib incision the procedures be- 
come feasible. 

Fear of injury to the pleura is the bugbear 
which might deter a surgeon from adopting the 
incision. So far as we see this can be avoided: 

1. By studying an x-ray film taken during ex- 
treme inspiration (Fig. 2) h-fore operation to 
show the exact lower limit of the pleura. 

2. By exposing the periosteum on the outer 
side of the rib before incising it prior to resection. 
If skin, muscle, and periosteum are divided in 
one cut down to bone the knife edge might slip 
off the rib, especially at the posterior end, and 
open the pleura. 

3. By avoiding the formation of sharp project- 
ing fragments on the stump of the last rib and 
covering the stump with the end of a tethered 
gauze roll. 

4. By making the longitudinal incision in the 
periosteum on the inner aspect of the last rib 
sufficiently far out to be below and beyond the 
pleural reflection the level of which has been 
shown by x-ray film (Fig. 2). The line of pleural 
reflection crosses a well formed last rib about its 
middle. The periosteum and costal cartilage, 
therefore, are incised close to the tip of the 
twelfth rib and then carried on through the ex- 
ternal and internal oblique muscles and, more 
deeply, the posterior aponeurosis of the trans- 
versus muscle. The fat is then cleared away pos- 
teriorly to expose the anterior aspect of the pos- 
terior aponeurosis of the transversus muscle and 
it is from this aspect the kidney is first ap- 
proached. 

As the upper pole of the kidney is being freed, 
the upper end of the wound is stretched. Some 
fibers of the diaphragm appearing to run laterally 
as well as upward may come into view at the tip 
of the twelfth rib, and the cut started in the 
periosteum tears freely open along the line of the 
excised rib without damaging the closely adjacent 
and slightly adherent pleura, which is pushed up 
without tearing. 
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Fig. 1. Diagram showing the relative areas of the left 
kidney which are exposed respectively by the twelfth rib 
incision, left, and by the subcostal incision, right. 


If the pleura in such a case should be torn it 
would not matter if (1) a close-fitting mask had 
been used for anesthesia so that the lung could be 
inflated and deflated at will; (2) the pleural rent 
be closed before infected matter can enter. 

This twelfth rib incision for kidney operations 
has been practiced by the author in 13 cases with- 
out accident and in all these has given unusually 
free exposure. These comprised 8 nephrectomies, 
2 for malignant disease, 1 for branched calculus, 
3 for multiple calculi, 1 for tuberculous kidney, 
and 1 for an enormous hydronephrosis; 4 pyelo- 
lithotomies; 1 nephrostomy with subsequent re- 
moval of calculus. 

The same incision is of great value in approach- 
ing the lumbar sympathetic chain, the suprarenal 
gland, and the greater splanchnic nerve. I have 
employed it in only 1 case of megacolon; but it has 
been employed rather extensively for these pur- 
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Fig. 2. Tracing of a roentgenogram of the kidneys during 
deep inspiration. The lungs have descended to reach the 
line of pleural reflection which is thus rendered clearly 
visible. 


poses. The exposure of the lumbar sympathetic 
chain is really excellent. This same twelfth rib 
incision can be made use of in removing the 
testicular lymphatics and aortic glands in malig- 
nant disease of the testis, but it has to be supple- 
mented of course by a separate inguinal incision, 
and the surgeon does not open the perirenal 
fascia. 

This twelfth rib incision’ has probably been 
used by other surgeons for kidney operations; but 
this paper has been written in the belief that its 
advantages are not as widely appreciated as they 
might be. 


Since writing this note the author has seen a valuable paper by E. 
Hess advocating resection of the twelfth ribin renal operations. J.Urol., 
1930, 42:043 








HORMONE STUDIES IN THE PRESENCE OF HYDATIDIFORM 
MOLE AND CHORIOEPITHELIOMA 


FRANKLIN L. PAYNE, M.D., F.A.C.S., Philadelphia, Pennsylvania 


HIS study was undertaken in order to 
determine the value of hormone anal- 
ysis in the diagnosis of hydatidiform 
mole and chorioepithelioma. The scope 
of the subject necessitates its division into sections 
so that the hormone behavior may be considered 
under the following circumstances: (1) during 
normal pregnancy; (2) in the presence of hydatidi- 
form mole; (3) during the interval between evacu- 
ation of the mole and the return to normal—in the 
event of recovery; (4) during the interval between 
the antecedent pregnancy and the diagnosis of 
malignant change—in the event of subsequent 
chorioepithelioma; (5) in the presence of chorio- 
epithelioma; (6) in the event of cure or of recur- 
rence following treatment for chorioepithelioma. 
Among the several secretions that appear in 
increased quantities during pregnancy, the chori- 
onic hormone is of particular interest in this dis- 
cussion. Under normal conditions, the rise in the 
urinary output of this secretion has been shown by 
Browne and by Evans to reach tremendous pro- 
portions at about the time of the second missed 
menstrual period. This peak is held for a few 
days to be followed by a sharp drop to a moderate 
level which is continued throughout gestation. 
By using blood serum, Brindeau and Hinglais 
(4, 5, 6) have established standards for the prolan 
content of the blood serum during the various 
stages of pregnancy, and they have demonstrated 
an excessive rise in the presence of mole. Further- 
more, Evans et al. found in 2 instances of normal 
pregnancy that the urinary peak is paralleled by 
that of the serum and Rakoff reached similar 
conclusions, although his concentrations were not 
so high. This physiological occurrence would 
interfere with the correct evaluation of the hor- 
mone findings in the presence of mole and chorio- 
epithelioma were it not for special quantitative 
features which are more or less characteristic of 
the latter conditions. 


THE HORMONE BEHAVIOR IN HYDATIDIFORM MOLE 


This portion of the study is based upon 40 col- 
lected and 8 personal cases of hydatidiform mole. 


From the Department of Obstetrics and Gynecology and the 
Gynecean Hospital Institute of Gynecologic Research, University 
of Pennsylvania. 
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In making the analysis I have included representa- 
tive problems and have not listed every published 
report. In many instances, here and elsewhere in 
the study, the reported results have been con- 
verted into animal units per liter of fluid (urine or 
blood serum). 

The variation in types of specimens and in test 
animals necessitated the preparation of several 
tables in order that the results may be presented 
with clarity. Mice and single specimens of urine 
were used most frequently while rats and rabbits 
were less often employed. The results of this 
technique are summarized in Table I, expressed 
in terms of animal units per liter of fluid. When 
mice were used, in 70 per cent, the urinary prolan 
concentration reached 100,000 to 800,000 mouse 
units per liter, and in 87 per cent of the total 
number the prolan elimination reached or ex- 
ceeded 40,000 mouse units per liter. This con- 
stitutes the hormone picture of an active hyda- 
tidiform mole that is growing in close contact with 
the maternal structures. The 3 remaining cases 
present a different picture. The descriptions 
indicate that 2 of these were not productive at the 
time of the hormone assay. In 1 case cited by 
Philipp, the growth was surrounded by a layer 
of fibrin and, therefore, was not in actual contact 
with the uterine wall. The second case was pre- 
sented by Bleuler as a molar missed abortion of 14 
months’ duration. The third case was reported by 
Koehler, who advanced no explanation for the 
negative hormone tests. 

Several other instances of low hormone elimina- 
tion appear. At the first glance this would seem 
to contradict the findings in the preceding group, 
but close analysis corrects this impression. Case 2 
(F. Schultze-Rhonhof) in the rat unit table shows 
the hormone elimination in a 9 months’ missed 
abortion of a mole. In the rabbit unit table, 
Cases 3 and 4, reported by Schoeneck, the molar 
specimens were “made up principally of fibrous 
tissue with comparatively few vesicles.” Case 1 
(Dabney), with a history of symptoms of 13 
months’ duration and with uterine enlargement to 
the level of the umbilicus, suggests a degenerating 
mole. The original report contained no detailed 
description of the mole following its evacuation. 
In Case 2 (Frank, personal communication), a 











PAYNE: HORMONE STUDIES IN HYDATIDIFORM MOLE 87 


TABLE I. —THE CONCENTRATION OF PREGNANCY 
PROLAN (CHORIONIC HORMONE) IN THE 
URINE OF 29 PATIENTS WITH HYDATIDIFORM 
MOLE WHOSE CASES WERE COLLECTED FROM 
THE LITERATURE AND BY PERSONAL COM- 
MUNICATION 


No. 
Mouse units per liter Cases 
5 to 800,000... 4 
2 to 260,000... 7 
I to 200,000..... 5 
jo to 55,000..... eae 4 
Negative Aschheim-Zondek . 3 
Rat units per liter 
83,000...... I 
500. I 
Rabbit units per liter 
7G,000%...6.6.65. I 
4,760. I 
500. I 
200. I 


single specimen of urine was titrated 24 hours 
after spontaneous expulsion of the mole. Any or 
all of 3 factors may have been responsible for the 
low titer: a single urine specimen, the possibility 
that degeneration had occurred prior to expulsion, 
and the fact that 24 hours had elapsed between 
the molar expulsion and the collection of the 
urine. With these logical explanations of the low 
titer in the atypical cases, and with the enor- 
mously high titer of prolan for those in the 
actively growing stage, it is apparent that the 
elimination of the chorionic hormone in viable 
molar pregnancy can be depended upon to exceed 
that which occurs in normal pregnancy after the 
third month, provided accurate quantitative de- 
terminations with 24 hour specimens of urine are 
made. Since the third month pregnancy peak is 
temporary, repeated quantitative titrations at 
that time will enable differentiation. 

Because several workers have used blood serum, 
some of their results are presented in Table II. 


TABLE II.—THE PREGNANCY PROLAN CONTENT 
OF THE BLOOD SERA IN II PATIENTS WITH 
HYDATIDIFORM MOLE WHOSE CASES WERE 
COLLECTED FROM THE LITERATURE 


Rabbit units No. 


per liter Cases 
WE I cia asit5. 55's, & Samnosd Giara tacnce news sleek BS 3 
a IE ita 8 es, 2 eae ect ye alee tate praace, are wth ee ions 2 
50 00 75,000..... Biz eiatarhasiale eid Oya ors aie Seer ea ior 3 
eo) dos 6S ohn Ws ce si siecle eteleislers te diets 2 
a Pe ieee ees top sean Pan om ears oe ipnats ere rai I 


Of the 11 patients in this series, 10 showed a titer 
of serum prolan far in excess of that seen in normal 
pregnancy, except at the physiological peak. In 
the eleventh case the test was made 24 hours after 
spontaneous expulsion of the mole. The workers 
who reported these cases used rabbits routinely 
(Hinglais, 7, Geurin, Valmale). By this technique 
—the use of blood serum and rabbits—the prob- 
lem of hormone analysis in cases of suspected 
hydatidiform mole is reduced to the utmost sim- 
plicity, and the results justify our confidence in 
its diagnostic accuracy. 

Personal cases. Of 8 cases which I have studied 
personally, 4 exemplify the actively growing mole 
with greatly increased urinary prolan excretion. 
In all 4 a positive diagnosis was established by 
hormone analysis, and treatment was instituted 
before the passage of vesicles had occurred. 

Three were studied thoroughly from the hor- 
mone point of view, both before and after eradica- 
tion of the mole. The findings are summarized in 
Table III, which furnishes a clear-cut hormone 
picture of the typical molar pregnancy. The 24 
hour urinary excretion of the chorionic hormone 
greatly exceeds that which occurs in normal preg- 
nancy, whereas the blood serum content may reach 
even higher levels. The grossly normal concentra- 
tion of urinary estrin is striking, and may have 
some diagnostic significance, particularly in mak- 
ing a differentiation between inevitable abortion 


TABLE III.—THE CONCENTRATION OF THE GONADOTROPIC AND THE ESTROGENIC HORMONES 
IN THE BODY FLUIDS OF 3 PATIENTS WITH ACTIVELY GROWING HYDATIDIFORM MOLE 


(Personal cases) 








Preoperative 





Urine } Serum | Urine 
| 
| 








Nam | i 
prolan— prolan— estrin— 
Rab. U. Rab. U. M. U. 
| per 24 hours | per liter | per 24 hours 
D.W Q1,000 Not done 2,240 
J.Z. | 80,000 160,000 Not done 
R.K. | 108,000 | 160,000 8,000 





Postoperative 




















_Vesical Ovarian cyst ieee Ovarian 
fluid prolan— fluid prolan— poo lesa uv. | fluid estrin— 
units per liter M. U. per liter ta die M. U. 

50,000 M.u. 100,000 | 5,000 | 10,000 
160,000 M.u. | Not done | Not done | Not done 
400,000 Rab. u. | Not done | Not done Not done 





Rab. U., rabbit units; M. U., mouse units. 
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TABLE IV.—THE TITERS OF THE CHORIONIC 
HORMONE IN 24 HOUR SPECIMENS OF URINE 
FROM 8 PATIENTS WITH HYDATIDIFORM MOLE 


(Personal cases) 


Patient Units per 24 hours 

a. BP... . ..124,000 Rab. 

2. BE............. 10800 Rab. 

MER ss) anhise's 2 <otem g1,000 Rab. 

) : Serer 80,000 Rab. 

i Ws es iat lke Be 48,000 M. 

+ eee ere 500 Rab. 

oe Serre 13,200 Rab. 

8. M.D ....2 negative Friedmans; 20 c.cm. urine 


Rab., rabbit unit; M., mouse units. 


or miscarriage and hydatidiform mole. Frank 
(15) has pointed out the sharp drop in the level of 
blood estrin which follows fetal death promptly in 
inevitable premature termination of pregnancy. 
I have titrated the urinary estrin and prolan in a 
number of inevitable miscarriages and found it 
much lower than the concentration found in mole 
or in normal pregnancy. The hormone picture of 
fetal death appears to be that of decreased prolan 
and estrin concentration, in contrast to increased 
prolan and normal estrin in hydatidiform mole. 
The hormone findings in the 8 cases of molar 
pregnancy that were studied personally are sum- 
marized in Table IV. The clinically typical moles 
were found to eliminate huge quantities of the 
gonadotropic hormone. The 4 remaining cases are 
not examples of active molar growth, but serve 
to illustrate other phases of its existence. Case 5 
(C. P. ) is an example of recent degeneration fol- 
lowed by spontaneous expulsion of a mole. Dur- 
ing 2 months’ close observation because of sus- 
pected mole, the uterus rapidly increased in size, 
suddenly to recede to three-fourths its earlier di- 
mensions. The prolan elimination at this time 
amounted to 48,000 mouse units in a 24 hour 
urinary excretion. Shortly after this, a mole which 
was partially covered by a fibrin layer and the 
seat of extensive degeneration was expelled spon- 


TABLE VI.—THE TIME REQUIRED FOLLOWING 
EVACUATION OF THE HYDATIDIFORM MOLE 
FOR THE DISAPPEARANCE OF PROLAN FROM 
THE URINE OF 8 PERSONAL PATIENTS WHO 


RECOVERED 
Time required 

Treatment ays Follow-up 
1. Hysterectomy. 5 2 yrs. 
2. Hysterectomy .. 20 II mos. 
3. Hysterectomy 31 14 mos. 
4. Expulsion... ; 7 3 yrs. 
5. Expulsion. . : 20 12 mos. 
6. Expulsion. 41 12 mos. 
re . 176 14 mos. 
8. Hysterotomy..... inasenes ie 12 mos. 


TABLE V.—THE TIME REQUIRED FOLLOWING 
EVACUATION OF HYDATIDIFORM MOLE FOR 
THE DISAPPEARANCE OF PROLAN FROM THE 
URINE OF 460 PATIENTS (COLLECTED FROM 
LITERATURE) WHO RECOVERED 


No. 

Time Cases 
6 to 14 days...... Aer RA Ag rye » ¥ 
14 to 28 days.... ee . 18 
30 to 40 days.... See >» a 
6 to 8 weeks. .... 8 
2 to 3 months..... 3 
Sto 10 months... ........... ets 2 
Disappearance within 8 weeks........ 41 
Disappearance within 3 months............ .. 44 
Disappearance within 8 to 10 months........... 2 


taneously. Case 6 (E. J.) shows the prolan con- 
centration in a 24 hour specimen which was col- 
lected 24 hours after expulsion of a fibrin-coated 
degenerated mole. 

Many pathologists have observed small areas of 
hydatidiform degeneration in otherwise normal 
placentas. Similar findings, with living or dead 
fetuses, were reported recently by Masani, by E. 
Winter, and by Edward Allen. Normal pregnancy 
with partial hydatidiform degeneration, which 
occasioned moderately excessive prolan excretion, 
was twice mistaken for molar pregnancy by Reeb. 
In Table IV, patient 7 (M. K.) is a case in point, 
with a concentration in urinary prolan of 13,300 
rabbit units in 24 hours at the fourth month of 
pregnancy. Following hysterectomy because of an 
allied condition, the placenta was found to con- 
tain numerous microscopic areas of molar degener- 
ation. Since the existence of partial molar degen- 
eration in association with living fetuses is a 
recognized occurrence, and since the prolan con- 
centration seems to be dependent upon both the 
degree of activity and the extent of the growth of 
the chorionic tissue, the hasty acceptance of in- 
conclusive hormone proof of complete molar de- 
generation should be avoided. 

Several instances of missed abortion of molar 
pregnancy have been cited in literature, an ex- 
ample of which is seen in Case 8 (M. D.). The 
patient’s history included amenorrhea for 6 
months, with the usual symptoms of normal preg- 
nancy during the first 3 months. Following their 
disappearance, irregular scanty bleeding devel- 
oped and persisted. Examination revealed the 
uterine enlargement to be the equivalent of a 214 
to 3 months’ gestation, without the usual signs of 
pregnancy. After 2 negative Friedman tests the 
uterus was evacuated of a mass of obviously 
degenerated molar tissue which was widely inter- 
spersed by fibrin. 
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form tissue removed by curettage 2 months following ex- 
pulsion of a mole. Note the large pale stained chorionic 
villus with marked proliferation of the trophoblast. b, 


The clinical and the hormone pictures presented 
by the patients herein reported and by those 
quoted from the literature indicate that 4 stages 
of activity may occur in the life history of hyda- 
tidiform mole. First is the actively growing tumor 
with the typical clinical signs and a tremendous 
prolan concentration. The second stage occurs in 
the form of a minor extent of molar degeneration, 
often accompanying a viable fetus, with moder- 
ately excessive or normal prolan excretion. The 
third form is the recently degenerated or partially 
encapsulated mole, with doubtful clinical criteria 
and a decreasing prolan titer. The fourth stage is 
the missed abortion of a mole which is accom- 
panied by a prolan excretion that is less than that 
occurring in normal pregnancy. This should not 
result in condemnation of hormone titration as a 
diagnostic procedure in hydatidiform mole, but it 
should emphasize the importance of correlating 
the hormone findings and the clinical picture 
presented by each problem. 


THE INTERVAL BETWEEN EVACUATION 
OF THE MOLE AND RECOVERY 


Hormone analysis in hydatidiform mole has 
given rise to additional problems such as the 
length of time that elapses between molar evacua- 
tion and restoration to the normal hormone pic- 
ture and the degree of assurance that this return 
offers against the likelihood of subsequent chorio- 
epithelioma. In an attempt to solve these prob- 
lems the writer has collected 46 cases from the 
literature and from personal communication, in 
addition to 8 cases that were observed personally. 
The wide range of this interval between the pre- 
existing mole and recovery is seen in Table V to 
extend from 6 days to 10 months. All but 5 of the 
cases became test-negative within 8 weeks, and 





X78. Curettings obtained 2 months following molar ex- 
pulsion containing vacuolated trophoblastic tissue. Note 
the irregularity in size, shape, and staining characteristics 
of the chorionic cells. 


only 4 per cent showed positive reactions for 
longer than 12 weeks. In general, the hormone 
level will return to norma! within 3 months fol- 
lowing the termination of molar pregnancy, but an 
abnormal level that persists for a longer time does 
not necessarily indicate the presence of chorio- 
epithelioma, provided the level does not rise dur- 
ing this time. 

The next question is that of the dependability 
of a single negative prolan test after molar preg- 
nancy. Such a reaction offers no assurance that 
the danger of chorioepithelioma has passed. The 
possibility that a prolonged latent period between 
the antecedent pregnancy and the development of 
chorioepithelioma may occur has been empha- 
sized by Feiner and by others. The longest period 
for such latency to persist, with frequent negative 


Rabbit Units per 24 hour, | } | 
Urinary Excretion | T 
| 
| | 


| .-D ond c 





oO. 
70 90 130 150 170 190 
Days Following Expulsion of Mole 


Fig. 2. Case 7, M. F. The concentration of the chorionic 
hormone 70 days following molar expulsion with the de- 
crease in concentration subsequent to currettage until 
negative tests appeared 176 days after evacuation of the 
mole. 
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Rabbit Units per 24 hour 
Urinory Excretion 


108000 \ 
4000 


3000 





20 40 60 80 100 120 140 

Days Following Operation 
Fig. 3. a, left. Case 8,R.K. Showing the gradual fall in 
urinary concentration of the chorionic hormone following 
hysterotomy for hydatidiform mole. The first negative 


tests, has been recorded as 6 months. This inter- 
esting subject will be discussed in the section upon 
chorioepithelioma. For present purposes it may 
be stated that a follow-up period of at least 12 
months after the first negative hormone test sub- 
sequent to molar pregnancy is necessary for ade- 
quate proof that malignant degeneration has not 
occurred. 

Personal cases. A summary of postmolar hor- 
mone follow-up on 8 patients who have been 
observed personally is shown in Table VI. In the 
3 instances in which hysterectomy was performed 





Fig. 4. Path. No. 21,397. X78. Curettings showing 
retained trophoblast obtained go days following abdominal 
hysterotomy for hydatidiform mole. Note the infiltration 
by the syncytial and Langhans’ cells and the marked 
irregularity of these cells. 


Rabbit Units per 24 hour 
Urinary Excretion 


20850 


r. om Units 


10.000 
8000 
6000 
4000 
2000 
ik 12S 
Smonthly negotive 20 40 60 80 100 
fests Days 


Time Following Recovery From Mole 


test was obtained 130 days after operation. b, The urinary 
excretion of prolan in early normal gestation 6 months 
following recovery from molar pregnancy. 


the time required for the disappearance of prolan 
varied according to the prolan concentration at 
the time of operation. A similar ratio is seen in 
the 3 cases of spontaneous evacuation. 

Cases 7 and 8 illustrate the fact that prolonged 
positive reactions without a quantitative increase 
in prolan do not indicate the development of 
chorioepithelioma. Because of the importance of 
this observation, a detailed account of these cases 
follows. 


Case 7 gave a history of intermittent vaginal bleeding 
since the expulsion of a mole 2 months previously. Upon 
examination the ovaries were found to be normal in size, 
the uterus was slightly enlarged and softened, and old 
blood was escaping through the cervical canal. A Friedman 
test made with 20 cubic centimeters of urine gave a pos- 
itive reaction. Curettage yielded fragments showing molar 
elements with such marked cellular activity that a hyster 
ectomy was advised (Fig. 1, a and b). A quantitative 
prolan study indicated an elimination of 4,260 rabbit units 
in a 24 hour specimen of urine. Operation was refused by 
the patient. Subsequent quantitative prolan determina- 
tions (Fig. 2) showed a gradual decline in hormone elimina- 
tion but positive tests persisted for 176 days. Following 
this a series of routine Friedman tests was negative. 
Meanwhile 5 normal menstrual periods occurred, to be 
followed by a missed period due to a new pregnancy. 

In this particular case the hormonal and clinical 
course demonstrated the superiority of repeated 
quantitative prolan analyses over the microscopic 
interpretation of curettings as a guide to therapy. 

An analogous situation is seen in the record of Case 8, 
in which an abdominal hysterotomy was performed for an 
active molar pregnancy. A gradual lowering of the prolan 
elimination occurred during the next 3 months (Fig. 3a). 
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TABLE VII.—TIME BETWEEN ABORTION OR 
MOLAR EVACUATION AND DIAGNOSIS OF 
CHORIOEPITHELIOMA (44 COLLECTED CASES) 


No 
‘Time Cases 
6 days... 2 
21 to 30 days. . . 10 
5 to 7 weeks. . ine 
8 to 10 weeks. ino ae 
ANE G8 ses ta grais hae Kates Gisa'y Sak ha Cotes . 
6 to 12 months 5 
20 to 30 months 3 
SUG YORE. «oo. 2 cs I 


Diagnosis made within 12 months.............40 (91%) 
Because of irregular spotting, a dilatation and curettage 
were done at that time. The curettings resembled necrotic 
retained secundines with the exception of one small piece 
of tissue which looked alive, and upon section was found 
to consist of actively growing chorionic tissue, impelling 
the pathologist to suggest a hysterectomy (Fig. 4). This 
operation was deferred because of the gradual decrease in 
prolan elimination. Subsequent determinations showed a 
persistent drop in the urinary concentration, but the re- 
actions remained positive for a period of 130 days follow- 
ing the abdominal hysterotomy. Monthly tests were 
negative for the next 6 months, during which 5 normal 
menstrual periods occurred. The patient missed her next 
menstrual period due to a new pregnancy. The urinary 
concentration of prolan incident to the new pregnancy 
appears in Figure 3b, wherein the physiological peak with 
the later recession is shown. 

Here again the persistence of actively growing 
chorionic tissue as long as 4 months after molar 
evacuation did not indicate that chorioepitheli- 
omatous degeneration was in progress, as evi- 
denced by the decrease in prolan elimination and 
the subsequent clinical course. 


THE INTERVAL BETWEEN THE PRECEDING CON- 
DITION AND THE DIAGNOSIS OF CHORIOEPITHE- 
LIOMA 


While the early diagnosis of mole is highly de- 
sirable, more important is the immediate detec- 
tion of chorioepithelioma. The insidious nature of 
this condition and the inadequacy of former diag- 
nostic procedures often have resulted in its hope- 
less advancement prior to its detection (3, 9, 12, 
18, 25, 35). Furthermore, the false suspicion of its 
presence many times has led to needless mutila- 
tion which would have been avoided by more 
deliberate consideration. Hence this section, 
which is based upon a study of 44 collected cases, 
is of tremendous practical interest. This interval 
is seen in Table VII to have varied from 6 days to 
5™% years. In gt per cent of the cases, however, 
the hormone diagnosis was made within 12 months. 
The time between hormone tests often was ex- 
cessive. Many of the cases might have been 
diagnosed earlier by means of more frequent 
hormone determinations. 


IN HYDATIDIFORM MOLE gl 


TABLE VIII.—HORMONE TEST NEGATIVE FOL- 
LOWING EVACUATION OF A MOLE OR ABOR- 
TION—THEN POSITIVE, TO INDICATE DE- 
VELOPMENT OF CHORIOEPITHELIOMA.  IN- 
TERVALS BETWEEN NEGATIVE AND POS- 
ITIVE TESTS SHOWN 


Case Negative Positive 
Dice nrsaat o ey ee 12 days 42 days 
2 10 days 49 days 
Be ease erste ses Mastecatecs 60 days 
Be aati S bare Ripa aie 11 days 58 days 
ee acta 15 days 4 months 
Wi oka etre ae tits 4 days 5 months 
: Oe ethene 5 years 5 yrs., 7 months 


The occasional appearance of chorioepithelioma 
after an apparent lengthy latent period tends to 
confuse the picture. Four such instances are 
recorded in Table VII, and comprise the g per cent 
that were not diagnosed within a year of the 
antecedent condition. A brief consideration of 
these cases follows: In the patient with a 5% 
years’ “latent period’? (Schumann), the chron- 
ology of events suggests the likelihood of a second 
miscarriage or of a mole, 5 years after the first 
with subsequent development of chorionic malig- 
nancy. In none of the 3 remaining cases were 
hormone tests made prior to the one that con- 
firmed the diagnosis of chorioepithelioma. Adair, 
in a personal communication, cited a curettage 20 
months after a molar pregnancy which revealed 
chorioepitheliomatous tissue. Hormone tests con- 
firmed this finding. Mazer reported the case of a 
patient who, after bleeding for 22 months, for 
which 2 curettements and 1 radium implantation 
had been done, was shown by hormone study to 
be suffering from chorioepithelioma. The last case 
(Feiner) was diagnosed 30 months after a mis- 
carriage, which had been followed, within 2 
months, by 3 curettages, none of which revealed 
significant tissue changes. As Feiner suggests, 
earlier prolan determinations may have enabled a 
correct diagnosis before widespread metastases 
developed. 

A single negative reaction does not justify dis- 
continuance of the periodic tests. The truth of 
this statement is borne out by the occasional 
appearance of a negative test, to be followed by 
positive reactions, to indicate the development of 
chorioepithelioma. Seven such occurrences are 
tabulated in Table VIII in which the shortest 
interval between negative and positive reactions 
is 30 days while the longest interval was 7 months. 

The methods of hormone analysis that were 
used in the diagnosis of chorioepithelioma varied 
considerably. In half of the cases nothing more 
than qualitative tests, either single or multiple, 
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TABLE IX.—THE PROLAN CONTENT OF URINE 
IN 35 COLLECTED CASES OF CHORIOEPI- 
THELIOMA EXPRESSED IN TERMS OF RAT 
OR MOUSE UNITS PER LITER 

Prolan content Mouse units— Rat units 

Units per liter cases cases 

200 tO 500,000... 6 I 

100 tO 150,000... 

50 to 100,000. 
20 to 40,000. . 
10 tO 20,000... 
E to 2000..... 
Negative tests... . 
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were made. In the remaining group quantitative 
determinations were conducted, but in only 16 
per cent was the diagnosis based upon multiple 
quantitative titrations that demonstrated increas- 
ing prolan values in the body fluids. Quantitative 
titration is the only reliable aid to an early 
hormone diagnosis of chorioepithelioma. By this 
method, the presence of an intervening early 
pregnancy may result in erroneous conclusions 
unless repeated quantitative determinations are 
conducted. The peak of hormone excretion in 
pregnancy is short, lasting from 6 to 8 days 
(Evans, Browne), to be followed by a rapid de- 
crease, whereas the prolan elimination in chorio- 
epithelioma constantly increases. These facts, 
along with a consideration of the clinical aspects 
of a given case should enable early accurate 
diagnosis of chorioepithelioma. 


THE HORMONE BEHAVIOR IN CHORIOEPITHELIOMA 


Before weighing the value of hormone studies in 
the presence of chorioepithelioma, the uncertainty 
of the other diagnostic procedures should be con- 
sidered. Pick is quoted as having refused to base a 
diagnosis of chorioepithelioma upon curettings, 
and this refusal is in accord with the opinion of 
numerous American gynecological pathologists 
(14, 26). The classically malignant growth with a 
luxuriant growth of cells offers few microscopic 
difficulties, but curettings that present a border- 
line picture may defy the judgment of the most 
expert pathologist. 

A second difficulty lies in the occasional failure 
to obtain satisfactory curettings, either because of 
the absence of bleeding to indicate that a curet- 
tage is advisable, or because it is impossible to 
secure sufficient tissue at the time of the opera- 
tion. Proved chorioepithelioma in the absence of 
external bleeding has been reported by Kimbrough 
and by Bollen and was present in one of my cases. 
Many instances have been cited in which curet- 
tage failed to supply enough tissue for microscopic 
analysis (Cosgrove, Mazer, Siegmund). 


TABLE X.—THE PROLAN CONCENTRATION IN 
THE BLOOD SERUM OF 10 COLLECTED CASES 
OF CHORIOEPITHELIOMA 


No. 
Rabbit units per liter cases 
400,000. . ; I 
140,000.... I 
10 to 40,000. . 2 
2 to 5,000... 3 
I to 2,000. 2 


Rat units per liter 


10,000... . ; I 


Although hormone studies should not supersede 
other methods, quantitative prolan titration is 
becoming recognized more and more as an in- 
valuable adjunct to the diagnosis of chorioepithe- 
lioma. Following the work of Fels and of Rossler 
in 1929, the belief soon became prevalent that 
excessive prolan elimination was characteristic of 
chorioepithelioma with the minimal standard of 
50,000 mouse units per liter of urine. Subsequent 
studies, however, have proved the fallacy of this 
standard, for many instances of undoubted chorio- 
epithelioma have occurred that showed far smaller 
urinary prolan content. The wide variation in 
prolan elimination—ranging from negative tests 
to 500,000 mouse units per liter—indicates the 
lack of a single quantitative figure that may be 
regarded as the standard for the hormone diag- 
nosis of chorioepithelioma (Table [X). Such a 
figure is dependable only if the values are excessive 
and if the possibility of intervening pregnancy can 
be excluded (Kobak). 

Of the 27 cases that were studied in which mice 
were used, only 52 per cent were eliminating 
50,000 or more mouse units per liter, and 75 per 
cent of those who were studied by rat titration 
showed a similar concentration of the chorionic 
secretion. Of the 3 negative tests, 1 (Schumann’s 
case) has been discussed. The second case was 
reported by Kozima, who described the micro- 
scopic picture as that of ‘‘atypical chorioepithe- 
lioma.” The third case, that of Cosgrove, was not 
detailed. The numerous variables that may occur 
in making the hormone diagnosis of chorioepithe- 
lioma might lead readily to an occasional false 
negative test. However, this should not nullify its 
value as a diagnostic agent but should indicate 
repetition of the test. 

One of the variables is avoided by the use of 
blood serum. The employment of serum does not 
eliminate a wide range of quantitative values, as 
is shown in Table X, in which the serum concen- 
tration of prolan varied between 1,000 and 400,000 
rabbit units per liter. The obvious lack of a single 
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TABLE XI.—CHORIOEPITHELIOMA SHOWING THE 
WIDE VARIATION OF THE URINARY PROLAN 
CONCENTRATION (PERSONAL CASES) 


Tite 
Case No. Rabbit units per 24 hours Remarks 
i: 86,000 Widespread metastasis 
2.. 35,000 Widespread metastasis 
ilides 28,800 Widespread metastasis 
4 24,150 No metastasis; recovery 
5.. 9,650 No metastasis; recovery 
6. Negative Urine collected imme- 


Friedman _ diately after opera- 
tion 


diagnostic hormone titer indicates the necessity 
for the identification of increasing prolan concen- 
trations as evidenced by repeated quantitative 
determinations to be made at weekly or biweekly 
intervals. 

Personal cases. The author has studied 5 cases 
of microscopically proved chorioepithelioma by 
hormone analysis. In all of these analyses, 24 
hour specimens of urine were used, and the results 
were expressed in terms of rabbit units per 24 hour 
excretion. Three of these cases presented wide- 
spread metastases and succumbed shortly after 
the hormone titration, whereas the 2 remaining 
patients recovered (Table XI). Of the patients 
who recovered, Case 5 is detailed in order to 
illustrate the value of repeated quantitative hor- 
mone titrations, and to emphasize the fact that 
excessive prolan elimination is not a necessary 
requirement for the diagnosis of chorioepithelioma. 

CAsE 5. Patient was admitted with a history of having 
passed a mole 6 weeks previously. Bleeding had ceased 
within a week and did not recur. Pelvic examination was 
essentially negative. Quantitative titration of the urinary 
prolan showed the following: upon admission, 5,560 rabbit 
units per 24 hours; 1 week later, 9,650 rabbit units in 24 
hours. The diagnosis of chorivepithelioma was made and a 
total hysterectomy was performed. Two weeks later, a 
quantitative hormone titration showed 3,360 rabbit units 
of prolan per 24 hours. The urinary prolan gradually 
decreased in quantity, and disappeared 7 months following 
the operation. Subsequent tests have been negative, and 
at present the patient is in excellent condition. 


Case 6 illustrates one of the difficulties to be 
encountered in the microscopic diagnosis of chorio- 
epithelioma. 


A supravaginal hysterectomy was performed for what 
was believed to be functional uterine hemorrhage. The 
uterus contained an area that suggested chorioepithelioma. 
Immediately after the operation, a specimen of urine was 
collected for a Friedman test, which was negative. Micro- 
scopic study of the suspicious area showed marked activity 
of the trophoblastic cells with such extensive invasion of 
the myometrium that a pathological diagnosis of chorioma 
malignum was made (Fig. 5). Subsequent to the operation 
routine Friedman tests remained negative for 12 months 
and there has been no evidence of recurrence or metastasis. 





Fig. 5. Path. No. 20,669. 78. Section from the uterine 
wall showing marked trophoblastic activity with infiltra- 
tion of the myometrium by Langhans’ and syncytial cells. 
No clinical or hormonal evidence of chorioepithelioma. 


The author does not submit this case as one of 
chorioepithelioma. It is included in the group to 
draw attention to the fact that because of mis- 
leading microscopic pictures other uteri may have 
been removed needlessly, when adequate pre- 
operative hormone study would have led to their 
conservation. 

The successful treatment of chorioepithelioma 
is dependent upon its early diagnosis, which can- 
not be made by any isolated sign, symptom, or 
test. The diagnostic aids, in the order of their 
practical importance, are: first, quantitative pro- 
lan studies, to be repeated at regular intervals; 
second, microscopic study of the tissues removed 
by curettage; third, the clinical picture presented 
by each doubtful case. 


THE HORMONE PICTURE FOLLOWING TREATMENT 
FOR CHORIOEPITHELIOMA 


Just as hormone titrations at regular intervals 
will permit earlier diagnoses of chorioepithelioma 
so will similar postoperative studies serve both as 
a prognostic aid and as a guide to therapy. The 
persistence of positive prolan tests or the subse- 
quent development of positive reactions suggests 
local recurrence or distant metastases. This fact 
has been pointed out by Mack, Manhoff, Ger- 
ritzen, and Ruzinski, each of whom reported a 
death from widespread chorioepithelioma in which 
the prolan tests either remained positive or be- 
came positive at varying intervals following oper- 
ation. This observation was confirmed in 1 case 
in our experience. 

X-ray therapy following surgical removal of 
chorioepithelioma is in general use and has been 
followed by occasional phenomenal recoveries. 
This form of therapy may give rise to confusing 
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TABLE XII.—THE TIME REQUIRED FOR THE 
DISAPPEARANCE OF THE CHORIONIC HOR- 
MONE FOLLOWING TREATMENT OF CHORIO- 
EPITHELIOMA WITH RECOVERY (36 COL- 
LECTED CASES) 


No. 
Time Cases 

2 to 7 days... ; Sahin ors ; 3 
8 to 14 days. . ; mie 15 
15 to 30 days. ; ; 8 
31 to 45 days...... 6 
2 to 3 months.... 2 
4 to 6 months ; 2 


Negative in less than 30 days 
Negative in less than 3 months... 


(66 per cent) 24 
sees (95 per cent) 34 
hormone titrations. Mack stated that temporary 
recession of growth, with evanescent negative 
prolan reactions may follow roentgen-ray treat- 
ments. A single negative hormone reaction follow- 
ing x-ray therapy should not be regarded as final, 
but the test should be repeated at monthly in- 
tervals for a year. 

The question naturally arises: How soon after 
operation should the reactions become negative? 
In an attempt to answer this query, 36 records of 
postoperative hormone studies from known chorio- 
epitheliomas have been collected from the litera- 
ture by personal communication and through 
personal experience. The results of these studies 
are shown in Table XII, from which it may be 
seen that the patients who recovered became test 
negative within 7 months. In fact, 95 per cent of 
these patients displayed negative tests within 3 
months, and over two-thirds of the total number 
were prolan free within 30 days. The reason for 
the occasional long delay in the disappearance of 
prolan following removal of a chorioepithelioma is 
not clear. The possibility of the presence of un- 
recognized local residual disease or of distant 
metastases that undergo spontaneous or post 
x-ray regression must be considered. The surgical 
menopause, or that induced by irradiation, has 
been known to give rise to false positive pregnancy 
tests. Under these conditions, quantitative deter- 
minations will show declining or stable levels in 
contrast to increased concentrations which occur 
in the presence of chorioepitheliomatous activity. 


SUMMARY AND CONCLUSIONS 


The curve of prolan concentrations during nor- 
mal pregnancy serves as a valuable standard for 
comparison in the interpretation of abnormal con- 
centrations that are prone to occur in the presence 
of hydatidiform mole and chorioepithelioma. 

Analyses of the clinical picture, the prolan 
values and the pathological findings of hydatidi- 


form mole disclose that any of 4 types of molar 
activity may be encountered. Since each type 
presents distinctive clinical and hormonal char- 
acteristics, both aspects must be considered in its 
identification. 

Following molar evacuation, regularly spaced 
hormone titrations for a year are necessary to 
differentiate between recovery and the develop- 
ment of chorioepithelioma. An increase in prolan 
values denotes the presence of malignant degen- 
eration or intervening pregnancy, while a gradual 
decline or the lack of an increase, even over a 
considerable period of time, indicates the absence 
of chorioepithelioma. 

In the diagnosis of chorioepithelioma, repeated 
quantitative prolan titrations are invaluable. The 
final decision does not rest upon a single qualita- 
tive or quantitative determination but upon the 
demonstration of increased values over a short 
period of observation. 

Following treatment for chorioepithelioma, 
quantitative hormone studies are useful both as a 
prognostic aid and as a guide to subsequent treat- 
ment. 
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THE SPLIT VERMILION 


BRADFORD CANNON, M. 


HE tight upper lip, present so often 

after repair of a double harelip, is best 

corrected by using a vermilion bordered 

flap from the lower lip. The lack of 
balance of the lip and nose with this method is 
one of its chief disadvantages. In order to avoid 
asymmetry and yet add tissue to the upper lip, 
a modification of the flap is here suggested. 

The switching of vermilion bordered lip flaps 
was originally described by Estlander in 1872. 
Since that time many authors have illustrated 
methods of using these flaps in deformities of 
either lip. In the upper lip the apex of the flap is 
inserted into the floor of one nostril or the other, 
or its tip is amputated, thus leaving a transverse 
scar below the columella. There is general agree- 
ment that these results are not completely satis- 
factory. By splitting the apex of the triangular 
vermilion bordered lip flap a better balanced 
upper lip can be obtained. 

In the use of this flap the vertical lateral suture 
lines of the upper lip lie equidistant from the mid- 
line and the scars disappear within the floor of the 
nose. Oblique suture lines emerge from the 
nostrils and meet at the base of the columella 
where they are practically invisible. By varying 
the length and width of the two pointed flaps 
formed by splitting the apex of the flap from 
the lower lip, the columella and tip of the nose 
can be advanced considerably. Likewise the 
vertical length of the lip can be increased by 
increasing the horizontal angulation of the two 
halves of the apex, thus correcting any notching 
of the lip in the midline. 

The operation must be planned carefully and 
each incision indicated and measured exactly to 


From the Plastic Clinic of the Massachusetts General Hospital. 
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BORDERED LIP FLAP 


1)., Boston, Massachusetts 


insure the proper fitting of the flap to the upper 
lip (Fig. 1a). The points in the upper lip are 
marked first, by use of an absorbable dye. The 
position of these marks will vary according to 
the operator’s interpretation of the individual 
problem. With calipers these marks are trans- 
ferred accurately to the lower lip at equal dis- 
tances from the midline. The full thickness of the 
lower lip, including the mucosa to the buccal 
fornix, is then incised, leaving on one side only the 
attachment at the vermilion border where the 
coronary artery lies. The tip of the flap is best 
split at the same time. The lower lip defect must 
be carefully and accurately closed to insure per- 
fect healing (Fig. rb). After the upper lip is 
opened and the incision extended into the floor 
of each nostril at the base of the columella, the 
flap is sutured in place with the 2 sets of marks 
adjacent to one another (Fig. 1c). 

After operation the lower jaw is held fixed by a 
Barton bandage. This is especially important 
during the period of recovery from anesthesia. 
It is left in place for several days until the patient 
is accustomed to the pedicle across the mouth. 
The diet consists of liquids fed through a tube 
inserted at the corner of the mouth. 

The collateral circulation between the flap and 
the lip is usually adequate in 2% to 3 weeks. 
This can be tested by temporary digital compres- 
sion of the pedicle for several minutes. If the color 
of the flap remains good, the pedicle is cut and 
the mucosal border of the two lips adjusted 
(Fig. 1d). 

The 2 cases described here illustrate different 
ways of using the split vermilion bordered flap. 
The problem presented by the first is one pri- 
marily of a tight upper lip following harelip 
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Fig. 1. 
, The marks and the lines of incision are indicated on the igs and lower lips. 
pot ned, the flap is prepared and split, and the lower lip is closed. 
pedicle crossing the mouth. d, 


repair. The second is interesting because it may 
point the way to a new method of handling the 
complicated problem of the partial double hare- 
lip. By using the prolabium for the central por- 
tion of the lip in the primary repair, it is possible 
to close the lip with far less tension and yet have 
the lip and vermilion border closely resemble the 
normal. When the child is 10 to 12 years old 
the prolabium can be excised and replaced by a 
split vermilion bordered flap from the lower lip. 
This adds bulk to the lip, improves the appear- 
ance of the vermilion border, and deepens the 
sulcus between the lip and the alveolus for better 
fitting of a prosthesis if one is necessary. The 
relative fullness of the lower lip is reduced merely 
by the removal of the flap. 

A general anesthetic is usually preferable in 
these cases because the patients are seldom old 
enough to co-operate under a local nerve block. 
The latter method, when used, is safer than local 
infiltration because infiltration may jeopardize 
the blood supply of the flap. The general anes- 
thetic can best be administered with an intra- 
tracheal tube inserted through the mouth. A 
constant airway is insured and the danger of 
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Fig. 2. Illustrating the use of the split vermilion bor- 
dered lip flap. a and b, Before operation. The retracted 
upper lip is tight and the lower lip redundant. c and d, 
Three months after correction. Note the improvement of 
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Diagrams illustrating the procedure in transposing the split vermilion hoger lip flap. 


The upper lip is 
The flap is nal * in place with the 


The pedicle is cut and the oat borders of the lips adjusted. 


aspiration of blood is eliminated. The tube, which 
can be readily held aside, does not interfere with 
the operation. After operation suction must be 
available constantly to empty the mouth of secre- 
tions and possible vomitus because the pedicle 
between the lips prevents free opening. 


Case 1. Complete double harelip and palate were 
repaired in early childhood. Recently several operations 
were performed to advance the tip of the nose. The upper 
lip was badly scarred and was tight and retracted, measur 
ing 2 centimeters less than the lower in width; therefore a 
flap 1 centimeter wide would make equal the upper and 
lower lips (Fig. 2, a and b). At operation the upper lip was 
opened in the midline with extension of the incision into 
the floor of each nostril. A flap 1 centimeter wide, measured 
to fit the defect in the upper lip, was raised from the lower 
lip. The tip was split according to the plan and the flap 
switched into the upper lip. Three weeks later the pedicle 
was cut and the two lip borders adjusted (Fig. 2, c and d). 

Case 2. Patient of Dr. M. S. Strock. Partial double 
harelip repaired in childhood. In the initial repair the 
prolabium was utilized to form the vermilion border in the 
midline. The profile of the lip was good, but there was 
slight notching at the prolabium (Fig. 3, a and b). Because 
of this relatively slight deformity the choice of a method 
for correction was difficult. No local adjustments beneath 
the lip seemed to promise a completely satisfactory result. 
The decision to use a split vermilion bordered flap was 
finally made because of the notching and because of the 
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the profile of the two lips without any intraoral prosthesis. 
There has also been a slight advancing of the tip of the 
nose. Further correction of the nose will be postponed 


until the patient is several years older. 
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deficiency of tissue bulk in the prolabium. At operation 
the prolabium and adjacent scar were excised; the incision 
on the left was slightly curved outward to increase the 
vertical length of the lip proper and thus to lower the 
elevated vermilion border on that side. By freeing the 
base of the columella, the tip of the nose was advanced. 
A split vermilion bordered flap from the lower lip was 
sutured into the defect (Fig. 3c). Three weeks later the ped- 
icle was cut and the borders adjusted (Fig. 3, d, e and f). 


SUMMARY 


A modified vermilion bordered lip flap useful in 
secondary correction of the double harelip is 
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Fig. 3. Illustrating the use of the split vermilion bor- 
dered flap to replace the prolabium. a and b, Before opera- 
tion. Note the notching of the lip and the elevation of the 
vermilion border on the patient’s left. In the profile can 
be seen the tight upper lip, the redundant lower lip, and 
the rounded tip of the nose. c, The intermediate stage in 
turning the flap,?showing the pedicle intact. d, Condition 
a few days after cutting the pedicle and adjusting the lip 
borders. e and f, Results 2 months later. The scars on the 
lip disappear within the floor of the nostrils. The profile 
of the two lips is improved. The tip of the nose is advanced. 
Further correction of the nose itself will be done several 
years later. 


described and illustrated. Two cases in which 
this procedure was used further to correct a 
harelip are presented. 
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Fig. 4. Fig. 5. 

Fig. 2. A to Bisa line drawn from the symphysis pubis — measuring rod /, marked by quarter inches, is in a plane 
to the anterior superior spine of the ilium. This line is _ parallel to the femur. G represents the point immediately 
bisected at C4 inch externally from C toward B. '4 inch below the great trochanter at the middle of the shaft of the 
immediately below D, a dot is drawn which is /. Thisdot femur for the introduction of the first Kirschner wire. 
represents the middle of the head of the femur. The JH represents a point %4 inch below G. This point is for the 
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MOLYBDENUM STEEL LAG SCREW IN INTERNAL 
FIXATION OF FRACTURED NECK OF FEMUR 


FRANK A. LORENZO M.D., Punxsutawney, Pennsylvania 


RACTURE of the neck of the femur 

usually occurs in persons over 60 years of 

age. It frequently leads to many fatal- 

ities and much chronic invalidism, and 
may result in extensive deformity, even when 
considerable function has been restored. When 
fracture occurs at a high level, subcapital, the 
blood supply to the head of the femur from the 
neck is damaged. The supply by way of the 
ligamentum teres usually is inadequate. When 
fracture occurs at a lower level, part of the pos- 
terior capsule usually is left attached to the proxi- 
mal fragment, affording it, at best, a feeble 
blood supply. 

Since the fracture commonly occurs at an age 
when the cortex of the bone is thinned and its 
internal structure is weakened, the power of the 
bone repair is diminished. The more extensive the 
periosteal attachment to the proximal fragment, 
that is, the farther toward the trochanter the neck 
is divided, the more adequate is the blood supply 
and the better the chance of union. It is now 
recognized that even in old people there is usually 
an ample supply of blood to the femoral neck. 
Surgeons who have operated on recent fractures 
have seen the capsule of the joint filled with blood. 

The union of these fractures is governed by 
hyperemic decalcification and ischemic recalcifica- 


introduction of the second Kirschner wire, to run parallel 
to the first wire. In order to get the proper length screw 
for the immobilization of the fracture, measurement is 
taken from the middle of the head of the femur—point G, 
immediately below the great trochanter, represented by 
line J. This measurement is superimposed upon the 
measuring rod and in this manner the number of quarter 
inches are counted on the marker, giving the correct 
measurement for the length of the screw necessary for the 
immobilization of the fracture. 

Fig. 3. Two 3/32-inch Kirschner wires have been intro- 
duced in a parallel plane. G represents the wire in the center 
of the shaft of the head of the femur. H represents the 
second Kirschner wire which is % inch below the first 
Kirschner wire or G. These wires are introduced for 
stabilizing the fracture. G, the first Kirschner wire, or 
central wire, acts as a guide over which the screw is 
introduced. 

Fig. 4. The 2 parallel Kirschner wires are in position and 
the screw is being introduced over the first Kirschner 
wire G. 

Fig. 5. The screw is in position and the fragments are 
immobilized. The two parallel Kirschner wires, G and H, 
have been withdrawn. 
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tion. When the fragments are imperfectly immo- 
bilized, movement gives rise to continued hyper- 
emic decalcification. If there is no immobiliza- 
tion, this process goes on until the whole of the 
femoral neck has disappeared. 

Plaster spica, which holds the fragments fixed to 
some extent but is without complete control of 
rotary movement, shows less degree of decal- 
cification; nevertheless union is delayed, and if 
the fractures unite there is frequently a shortening 
of the neck. 

Operative measures should secure absolute im- 
mobility. The greater percentage of fractures 
unite firmly without decalcification and with 
minimum shortening of the bone. 

When the fracture is high enough to lie above 
all capsular attachments, the proximal fragment 
may be completely avascular, and in such a case 
there will be roentgenographic evidence later. 
The proximal fragment will retain its original 
density and will not participate in neighboring 
decalcification. The fact that a fracture of the 
femoral neck may reduce or even cut off the blood 
supply of the proximal fragment has important 
clinical applications. 

The union of high cervical and subcapital frac- 
tures of the femoral neck is slow as compared 
with basal fractures. The impaired vascular sup- 





Instruments required. 


Fig. 1. 
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Fig. 6. Case of Mrs. E.F. Mrs. E.F. fell on left hip. 
a, Anteroposterior view showing a comminuted irregularly 
transverse fracture immediately inferior to the great 
trochanter, left side; together with a fracture of the rami 
of the pubes. b, Anteroposterior view showing the fracture 
more in detail. c, Anteroposterior view showing reduction 
of fracture and rigid immobilization by means of a four 


ply may account for slower union but it is not 
always the cause of non-union. High fractures of 
the femoral neck will usually unite if immobiliza- 
tion is perfect, and only if continued for 4 to 
6 months and in some cases even longer. This is 
the main reason for the success of the Smith- 
Petersen nail, the use of which prevents rotary 
and angular movements of the fragments. How- 
ever, experience has shown that greatest success 
is attained only when the fractures have been prop- 
erly reduced and the line of fracture immobilized, 
eliminating all movements of the fragments. 
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screw plate, during the course of actual operation. d, Anter- 
oposterior view showing introduced Kirschner wires stabil- 
izing fractured neck. e, Anteroposterior view showing in- 
troduction of lag screw immobilizing fractured neck. f, An- 
teroposterior view 30 days after operation showing relative 
position of plate and lag screw in position, holding fractured 
neck and shaft of femur with evidence of healing. 


The bone of the head of the femur can be 
revascularized and will regenerate by the invasion 
of new blood vessels from the distal fragment. 

Articular cartilage is less tolerant. When it is 
completely deprived of blood for any length of 
time it may undergo degenerative change with 
resulting arthritis. Therefore, in very high fem- 
oral neck fractures, absolute immobilization is a 
matter of urgency, not only to secure union of the 
fracture but also to minimize the period during 
which the blood supply of the articular cartilage 
is impaired. 
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The danger of arthritis of the hip joint from 
subcapital fractures suggests that early weight 
bearing is inadvisable. It seems probable that 
weight bearing a few weeks after operation and 
before ‘the fracture is united and before the car- 
tilage has regained its blood supply will increase 
the tendency to degenerative bone and joint 
destruction. 

The operation is inadvisable after the first 6 or 
8 weeks in high fractures where it is probable that 
the blood supply of the head is impaired. 

When the roentgenographs prove that the head 
is completely avascular the procedure is definitely 
contraindicated. 


OPERATIVE TECHNIQUE 

Reduction is accomplished with the use of 
Leadbetter’s modification of the Whitman meth- 
od, i.e., (1) the knee and hip are flexed to go 
degrees with traction upward; (2) internal rota- 
tion is maintained with traction and flexion; 
(3) the leg is brought down in measured circum- 
abduction and internal rotation. 

The heel palm test should be applied, with the 
leg in abduction and internal rotation. Antero- 
posterior and lateral x-ray pictures should be 
taken to check the position of the fragments. A 
graduated steel marker is placed parallel to the 
long axis of the femur to determine the length of 
screw to be used. 

We prefer to operate with the fractured limb in 
a position of flexion at the knee with extension, 
slight abduction, and internal rotation. To keep 
the patient immobilized, arm supports and well 
padded cross piece at the flexed knee are used, 
with an assistant holding the leg in abduction 
and internal rotation. /t is very important that the 
assistant carefully hold the fracture in position, 
as stated. 

After preparation of the field, a line is drawn, 
gentian violet being used, from the spine of the 
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Fig. 7. Case of Mrs. L.S. Mrs. L.S., age 77, frightened 
by a snake, backed away suddenly and fell to ground. 
a, Anteroposterior view showing original fracture through 
neck of left femur with marker in position. b, Antero- 
posterior view showing Kirschner wires in position stabil- 
izing the fracture, prior to introduction of lag screw. 
c, Anteroposterior view showing the lag screw being intro- 
duced over Kirschner wire of choice. d, Anteroposterior 
view showing screw in position with rigid co-aptation of 
fragments. e, Lateral view show:::g lag screw in position. 
Wires removed. 


pubes to the anterior superior spine of the ilium. 
The line is bisected. At the point of bisection the 
position of vein, artery, and nerve is indicated. 
A distance of 14 inch is measured out toward the 
crest of the ilium; and '4 inch below the gentian 
violet line a dot is made. For all practical pur- 
poses this dot represents the center of the head 
of the femur. 

An incision is made parallel to the shaft of the 
femur, beginning at the lower portion of the 
trochanter on the lateral surface for 4 to 5 inches. 
All structures, i.e., skin, fascia, muscles, down to 
bone, are sectioned with one sweep of the knife. 
Towels with Michel clips or Moynihan clamps are 
used to block the incised skin completely. The 
thickness of the femur is felt between index finger 
and thumb. The center of shaft of femur is 
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Fig. 8. Case of Mr. W.O. Mr. W.O. fell while walking, 
injuring right hip. a, Anteroposterior view showing inter- 
trochanteric fracture of right femur. b, Anteroposterior 
view showing reduction of fracture with marker in situ. 
c, Anteroposterior view showing introduction of Kirschner 
wires. d, Lateral view showing the introduction of Kirsch- 


determined at the origin of the vastus externus 
muscle below the great trochanter. A periosteal 
elevator is used to reflect the attachment of the 
vastus externus muscle and the periosteum at 
this point. 

A 6-inch Kirschner wire is then inserted. The 
point of wire is started in the middle of the femur 





f g 
ner wires. e, Anteroposterior view showing introduction of 
cannulated lag screw over Kirschner wire. f, Anteropos- 
terior roentgenogram showing the lag screw in situ. The 
Kirschner wires have been removed. g, Lateral roentgeno- 
gram showing the lag screw in situ. Kirschner wires have 
been removed. 


and directed toward the gentian violet dot, keep- 
ing the drill rotating in the proper plane of the 
thickness of femur. The wire is introduced at the 
center of thickness of the femur, % inch below 
the base of the great trochanter. The wire is 
introduced on a line and at the proper plane: 


the operator should keep in mind the gentian 
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a b 


Fig. 9. 


Case of Mrs. M.B. Mrs. M.B., age 71, slipped on ice, falling on left hip. 


a, Anteroposterior 


view showing original fracture of neck of left femur. b, Anteroposterior view showing reduced fracture 
with wire through neck of femur to act as a guide for introduction of lag screw. c, Anteroposterior 
view showing lag screw originally used 10 years ago, in position. Note that this screw is not threaded 
to within '4 inch of the head as in the newer type screw now being used. The old type screw proved 
satisfactory and was introduced in this case because no new screw of the proper length was available 
at the time of operation. d, Lateral view showing lag screw in position. e, Anteroposterior view taken 4 
years later. Note the disappearance of the line of fracture and new trabecula formed in the neck with com- 
plete healing of the neck. The screw is in situ showing no irritation to the bone or soft parts. 


violet dot marking the center of the head of the 
femur. One-half inch below or parallel to the first 
wire, a second Kirschner wire is drilled into the 
head of the femur. 

Anteroposterior and lateral x-ray pictures are 
then taken to check up the position of these wires. 
The first wire should show approximately or 
directly through the center of the neck and to the 
center or approximate center of the head of the 
femur. The second wire should be in a parallel 
position to the first wire. 

When the anteroposterior and lateral x-ray 
pictures show that these two wires are in the 
proper position, a cannulated reamer slightly 
smaller than the caliber of the screw is inserted 
over the first wire or the wire which is approxi- 
mately or directly in the center of the neck. The 
cortex of the femur is drilled. The reamer is then 
removed. The proper length lag screw, which 
length had been determined at the time the x-ray 
film was made with the measuring rod placed 
parallel to the femur, is then inserted over the 
first wire and inserted into the neck and head of 
the femur, the Kirschner wire acting as a guide 
in the introduction. In introducing the screw into 
position, the operator will notice that the threads 
of the screw first come in contact with the cortex 
of the femur. It is necessary for these screw 
threads to make purchase for themselves in the 
cortex. As soon as the distal end of the screw 
comes in contact with the head, it will be noticed 
that more purchase will be obtained and when 
the screw is fully introduced, the smooth or non- 
threaded part of the screw, which is 4 inch from 
the head, will be occupying the thickness of the 


cortex of the femur; and as the screw is sent home 
to its position, it will draw the distal and proximal 
fragments together, acting not unlike a gimlet, so 
that the fragments at the site of the fracture will 
become immobilized, immovable, and coaptated. 
Both Kirschner wires are then withdrawn and the 
operation is completed by closure of the wound 
in the routine manner. The second Kirschner 
wire which is introduced parallel to the first 
wire is used as a matter of precaution, especially 
in subcapital fractures, so that when the screw is 
introduced over the top wire when it engages the 
distal end, the second wire acts as a stabilizer so 
that the head will not rotate. Anteroposterior 
and lateral films should then be made to recheck 
the position of the fragments and to complete 
the records. 

The armamentarium necessary for this method 
of immobilizing fracture of the neck of the femur 
consists of (1) a measuring rod for determining 
the length of screw to be used, (2) two 6-inch 
Kirschner wires, (3) a reamer or drill for cutting 
cortex of femur over the first Kirschner wire, 
(4) a special wrench to fit head of lag screw, (5) 
the special lag screw. 

The measuring rod consists of a piece of stain- 
less steel 8 or g inches long, marked off in 14 
inches. This rod is strapped parallel to the femur 
after reduction of the fracture. An x-ray film is 
taken. The distance is then measured on the 
x-ray film from top of head to cortex of femur. 
This measurement is then superimposed on the 
measuring rod on the same x-ray film—measuring 
from the top of the head to the cortex of the 
femur in the line in which the immobilization is 





104 SURGERY, GYNECOLOGY AND OBSTETRICS 


to take place—and the number of '4 inches are 
counted on measuring rod, thus giving the actual 
length of screw to be used. It will also give the 
exact distance that the Kirschner wire is to be 
introduced. 

The reamer for cutting the cortex of the femur 
is slightly smaller in diameter than the screw. 
This is threaded over the first Kirschner wire at 
the site that the screw is to be introduced and 
drilled through the cortex of the femur only. The 
reamer is cannulated so that it will slide over and 
follow the direction of the Kirschner wire. 

The cannulated lag screw is hand machined 
from a rod of stainless steel known by trade name 
of ‘18-8-S-Mo.” It is very essential that the 
steel used in making these screws be of the finest 
quality. There are many kinds of stainless steel 
on the market. The strongest and most ductile, 
free from oxidation and electrolysis is the metal 
of choice, i.e., 18 per cent chromium, 10 per cent 
nickel, 2.36 per cent molybdenum, which is spe- 
cially cold rolled and processed so as to secure 
maximum metallurgical properties and, to all 
practical tests, corrosion free. 

This steel has the strength and ductility of 
vanadium steel and the added advantage of being 
practically non-corrosive. It is much superior to 
vitallium, duraluminum and monell metal, all of 
which are objectionable—monell metal causes tis- 
sue reaction; duraluminum crystallizes in the 
presence of saline solutions; and vitallium, while 
non-corrosive, is entirely too brittle with a tend- 
ency to the formation of air pockets in the metal 
as revealed in x-ray films. 

The thread of this screw is a special straight 
thread with a depth of '/16 inch and the thread 
extends from the distal end to 14 inch of the head. 
Its weight is approximately 34 ounce. 

This lag screw serves the following purposes: 
(a) it immobilizes the fracture and holds the line 
of fracture in close coaptation so that no move- 
ments take place at the site of the fracture; (b) 
after the screw has immobilized the fragments it 
draws the fragments together and holds the frac- 
ture rigidly in anatomical position. 

In accordance with this screw, the bone ele- 
ments adjacent to the fracture are supported and 
maintained in the desired position by means of a 
threaded screw constructed and arranged to func- 
tion as an auxiliary core of the neck of the femur, 
the threaded portion of the screw having bearing 
engagement throughout a substantial area of the 
head and upper shaft in the region of the tro- 
chanters, whereby considerable force may be 
exerted axially to the neck of the femur to draw 
the parts together. 


This is a method for the reduction of the frac- 
ture of the neck of the femur which also provides 
an improved method of reduction and immobili- 
zation. 

This method provides means of maximum sup- 
port for the bone elements adjacent to the 
fracture. 

The claims for this method of fixation are as 
follows: 

1. A method of reducing fracture of the neck 
of a femur which comprises temporarily inhibiting 
rotative movement of the head with respect to the 
neck and thereafter affixing head to the neck. 

2. A method of reducing fracture of the neck 
of the femur and fixing the fragments with two 
parallel 3/;2-inch Kirschner wires which prevent 
rotation of the head with respect to the neck; and 
of subsequently inserting the screw element over 
the 3/32-inch Kirschner wire which is through or 
approximately through the center of the neck and 
head in order to affix the head to the proximal 
end of the neck and shaft of the femur. 


CONCLUSIONS 


1. A cannulated lag screw affords maximum 
fixation of intertrochanteric and neck femur 
fractures. 

2. The armamentarium and procedure are rela- 
tively simple and inexpensive. 

3. Osteosynthesis is used for immobilization of 
the fragments and not for weight-bearing. 

4. It is important that the screw be inserted 
into the head to within 14 to 34 inch of the carti- 
lage of the head of the femur. 

5. Operative procedure should be deferred un- 
til the patient has recovered from shock, i.e., 
usually 4 to 5 days. 

6. Weight-bearing is contra-indicated before 5 
to 6 months or until there is clinical and x-ray 
evidence of bony union. 

During the past 10 years, a series of 30 cases of 
fractures of the neck and intertrochanteric frac- 
tures have been operated upon. The first opera- 
tion was done in 1930. Sufficient time has not yet 
elapsed in the majority of this series to draw 
definite and positive conclusions as to the final 
functional results. 

If the lag screw is properly affixed in cases in 
which its use is indicated, it gives ample fixation. 
In this series, only one of the screws has become 
loose or has been extruded. There has been no 
immediate operative mortality, no wound or bone 
infections or tissue reaction from the use of the 
stainless steel. The deaths occurred at later dates 
in senile patients from cardiac and vascular dis- 
eases. 
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A PERFORATED ULCER OF THE ILEUM OPPOSITE 
A MECKEL’S DIVERTICULUM 


WALTER G. MADDOCK, M.D., 


F.A.C.S., Ann Arbor, Michigan 


and 


MARK B. COVENTRY, M.D. 


HE case here reported is unique in that 

the ulcer was situated in normal ileal 

mucosa opposite the stoma of a Meckel’s 

diverticulum which was almost wholly 
lined with heterotopic gastric mucosa. Aschner 
and Karelitz report the usual position for such 
ulceration to be most commonly at the neck of 
the diverticulum or in the ileum just beyond, in 
which cases the diverticulum, as in our case, is 
almost entirely lined with heterotopic gastric 
mucosa. Occasionally, the ulcer is in the body of 
the diverticulum adjoining a patch of heterotopic 
gastric mucosa. These two common positions and 
the site for the case here reported are shown in 
diagram in Figure 1. 

CASE REPORT 

A white male child, aged 2 years and g months, was 
admitted to the University Hospital with the chief com- 
plaint of blood in the stools. The history obtained from 
the parents revealed that when the youngster was about 1 
year of age he awoke one night with apparently severe 
abdominal pain. The following day dark red, clotted blood 
was found in his stools. Following this the stools were tarry 
for several days. He was then apparently well until about 
. year later, at which time a similar episode occurred. This 
was again followed by a period during which the boy was 
quite well. Three weeks prior to the present admission, the 
parents again noted that the stools were dark red in color 
and contained a small amount of clotted blood. No ab- 
dominal pain was noticed. Three days before admission, 
while the patient was playing, he suddenly complained of 
severe abdominal pain. Soon after this his bowels moved, 
and again much dark red clotted blood was passed. 

The family history, birth, and developmental history, 
and history of previous diseases were all noncontributory. 
There had been no epistaxis, bleeding from the gums, or 
petechiae. There was also no history of constipation or 
obstipation, nausea or vomiting. 

Physical examination revealed a very pale white male 
child of 214 years who appeared chronically ill, rather list- 
less, and was not in pain. The temperature was 101.5 
degrees F. rectally, the pulse, 145, and the respirations, 33 
per minute. The skin was pale and had a sallow yellow 
tinge. The mucous membranes were very pale. The only 
other points of interest were limited to the abdomen. It 
was on a level with the thorax and was symmetrical. No 
rigidity or spasm was noted and no masses were felt. The 
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liver was hard, smooth, and the edge was 4 centimeters 
below the right costal margin. Rectal examination re- 
vealed no abnormality. The fecal material was light brown 
in color, and no blood was present on the examining glove. 

The patient was admitted to the pediatrics ward for 
study and transfusions. The laboratory findings showed a 
negative blood Kahn test, negative urine, a hemoglobin of 
18 per cent (Sahli), and a leucocyte count of 14,200 per 
cubic millimeter. A differential count showed 67 per cent 
polymorphonuclear cells, 33 per cent lymphocytes, and no 
monocytes, basophils, or eosinophils. A few nucleated red 
blood cells were seen. The platelets appeared slightly di- 
minished. The red blood cells were very pale and micro- 
cytic. 

The patient was given a transfusion of 175 cubic centi- 
meters of citrated blood, and for 3 days seemed to improve. 
In the early morning of ‘the fourth day the boy rather sud- 
denly became more alert and more irritable. The tempera- 
ture at this time was rox degrees F., pulse 122 and respira- 
tions 30 per minute. The res irations increased rather 
rapidly to 45 per minute, the pulse to 140, the temperature 
to 102 degrees F. Examination showed the abdomen to be 
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Fig. 1. A and B, Usual sites for ulcerations at Meckel’s 
diverticula containing heterotopic gastric mucosa. C, 
Case reported showing ulceration and perforation opposite 
the stoma of a Meckel’s diverticulum having a mucosa 
almost entirely of gastric type. The formation of pepsin 
and hydrochloric acid in vitelline duct remnants has been 
demonstrated, and the ulcerations shown are at points 
bearing the brunt of such an irritating secretion (Lindau 
and Wulff). 
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Fig. 2. Extensive pneumoperitoneum following perfora- 
tion of an ulcer of the ileum at a Meckel’s diverticulum. 


distended, tympanitic, and somewhat diffusely tender. 
No bleeding per rectum was noted. A rectal tube was in- 
serted, and continuous heat was applied to the abdomen. 
There was no vomiting, and the patient did not appear in 
severe pain. Later in the morning the boy’s abdomen was 
tight with distention and markedly tympanitic. The 
marked degree of a pneumoperitoneum present at this 
time is shown by the roentgenogram in Figure 2, which 
was reported as: “A most extensive accumulation of air in 
the peritoneal cavity following perforation of a viscus. The 
site of perforation was not determined. There was per- 
sistence of considerable gas in the lumen of the colon. No 
demonstrable pneumonic infiltration of the right lung was 
present. The status of the left lung was indeterminate.” 
In a conference with members of the department of sur- 
gery the diagnosis was made of “perforation of the small 
intestine at the site of an intussusception or a Meckel’s 
diverticulum.” 

To relieve the marked distention a small caliber needle 
was inserted through the abdominal wall and considerable 
gas under pressure was removed from the peritoneal cavity. 
No fluid was obtained. A laparotomy was then performed 
under local anesthesia. When the peritoneum was opened, 
a large amount of gas and fluid containing feces was evacu- 
ated. A perforation of the small intestine was located 
which, on being developed, was found to lie in the low 
ileum opposite the site of a Meckel’s diverticulum. The 
bowel at this point was markedly injected and edematous. 
Because of the diverticulum, a simple closure of the per- 
foration was not considered to be feasible and, accordingly, 
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with as much speed as possible, approximately 8 centi- 
meters of the bowel containing the diverticulum and the 
perforation were resected, and a side-to-side anastomosis 
was made. Fluid was aspirated from the pelvis and the 
wound was closed in layers without drainage. During the 
operation the patient was given 300 cubic centimeters of 
citrated blood intravenously and 200 cubic centimeters of 
physiological saline solution. On return from the operat- 
ing room the boy’s general condition was poor, and in spite 
of all supportive efforts respirations ceased 12 hours later. 

The specimen removed at operation was found to be an 
8 centimeter portion of ileum with a 3 centimeter Meckel’s 
diverticulum attached. Immediately opposite the opening 
of the diverticulum was a perforation in the intestinal wall 
measuring 13 millimeters transversely and 6 millimeters 
longitudinally. The serosal surface of the bowel was cov- 
ered by fibrinopurulent exudate. On microscopic exami- 
nation of tissue from the junction of the diverticulum with 
the intestinal wall there was found evidence of earlier 
ulceration, as shown by encapsulated fecal material with 
a foreign body reaction in scar tissue. The mucosa of the 
Meckel’s diverticulum was almost entirely of gastric type 
with both chief and parietal cells in large numbers. The 
ileal mucosa surrounding the perforated ulcer was of the 
normal ileal type: At autopsy the main finding was a 
severe fibrinopurulent peritonitis. 

Both the site of the ulcer in relation to the 
Meckel’s diverticulum and the tremendous gase- 
ous distention were unusual features in this case, 
and they served to call attention again to the pos- 
sibility of a Meckel’s diverticulum being respon- 
sible for abdominal complaints. Curd in 1936 pre- 
sented an excellent review of the histological ma- 
terial found in Meckel’s diverticula. Eighty-nine 
collected cases contained heterotopic gastric mu- 
cosa and accounts of others containing duodenal 
glands, colon mucosa, and even pancreatic tissue 
were given. As to how these structures came to 
be misplaced, Curd presents the two theories: (1) 
The abnormal tissue represents dislocated mate- 
rial engrafted in the vitelline duct and (2), the 
simpler and more obvious explanation is that the 
primitive endoderm, which possesses the pluripo- 
tentiality of developing into any one of the sev- 
eral types of epithelium or glands of the digestive 
tract, is stimulated locally in some undetermined 
manner to develop into a tissue anomalous for a 
particular region. Such stimulation has been 
thought to be irritation, inflammation, lack of 
bile, and relatively retarded growth at certain 
levels. It appears probable that any or all of these 
factors may be operative in variable degree. 

The clinical features presented by our patient 
fit in well with those of the cases reviewed by 
Aschner and Karelitz, and Brown and Pember- 
ton. Ulcerations of a Meckel’s diverticula are 
much more common in infants and children than 
in adults, and bleeding from the bowel is a regu- 
lar finding, often coming in attacks associated 
with abdominal pain. Other than showing a 
marked secondary anemia, laboratory studies add 
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little direct information, being chiefly important 
in excluding blood dyscrasias and lesions of the 
upper and lower ends of the gastro-intestinal 
tract. Ulceration from a Meckel’s diverticulum 
has potentially serious complications; 50 per cent 
of Aschner and Karelitz’s series had perforated 
and produced general or local peritonitis. It is 
not always possible from routine studies definitely 
to diagnose the cause of bowel bleeding, but 
neither is it always safe to advise a further period 
of observation. From experience one should be 
able to make a most probable diagnosis and con- 
clude that a laparotomy is indicated. 


REFERENCES 


. ASCHNER, P. W., and Karetitz, S. Peptic ulcer of 


Meckel’s diverticulum and ileum. Ann. Surg., 1930, 


QI: 573. 

Brown, P. W., and PEMBERTON, J. DE J. Solitary ulcer 
of the ileum and ulcer of Meckel’s diverticulum. 
Ann. Int. Med., 1936, 9: 1684. 


3. CurpD, Howarp H. A histologic study of Meckel’s 


diverticulum, with special reference to heterotopic 
tissues. Arch. Surg., 1936, 32: 506. 

LinpAu, A., and WuLrr, H. The peptic genesis of gas- 
tric and duodenal ulcer; especially in the light of 
ulcers in Meckel’s diverticulum and the postopera- 
tive ulcers in the jejunum. Surg., Gynec. & Obst., 
1931, 53: 621. 





TREATMENT OF TUBERCULOUS CAVITIES 


Professor CARLOS ROBERTSON LAVALLE, F.A.C.S., Buenos Aires, Argentina 


UBERCULOUS cavities are produced 

by the destruction of a portion of the 

pulmonary parenchyma and are lined 

with a tubercle-genetic membrane which 
has an ever growing tendency to increase in 
volume. This process of pulmonary destruction 
can be checked only through a gradual decrease in 
the necrobiotic activity together with the elimina- 
tion of the consequent waste products, followed 
by the building up of a new lining of granulation 
tissue. The object of treatment therefore should 
be the cicatrization of the walls of the cavity with 
their contraction and reduction in size through 
the growth of fibrous tissue. 

The inherent capacity of the peripheral tissues 
to contract is of the utmost importance; thus, 
attachment to neighboring solid structures, such 
as bone, or any other such obstacles, prevents 
collapse of the cavity. The cavities usually heal 
rapidly after puncture of the lung nucleus, as 
described in former papers (5, 6, 7). In these 
articles we established the fact that we have 
always found in the lungs of persons who have 
tuberculous affections in any organ of the body, 
a specific place which shows a peculiar reaction— 
an area of tissue which we have named the post- 
allergic nucleus of tuberculous focal infection. We 
believe that this site was formed during the period 
of the infection and that it has the two features 
which E. C. Rosenow insisted were necessary to 
make it a focal infection, namely, a capacity for 
elective localization by the micro-organisms and a 
variation in the usual form of these same micro- 
organisms and bacteria. 

Puncture of this nucleus sets in motion a bio- 
logical reaction which “cleans” both lungs. Then 
all of the infiltration, exudate, and waste necro- 
biotic tissues are reabsorbed from the cavity and 
neighboring structures. 

Total collapse is accomplished provided the 
contraction capacity of the newly developed cica- 
tricial tissue is sufficiently great and the infiltra- 
tion-free peripheral structures are sufficiently 
elastic to allow the retraction of the scar forming 
zone (Figs. 1, 2, 3). 

In old encapsulated cavities adherent to peri- 
pheral solid structures and adjacent to thickened 
pleura, and especially in those cases with manifold 
or giant cavities, we have observed that puncture 
seems to outline them by means of a well defined 


border fibrosis. While this process appears to 
reduce their size, it does so only on a very small 
scale. We also observed a thinning of the outer 
crusted zones, perhaps because while formerly 
atelectatic they have now become emphysemat- 
ous. 

We have also occasionally noticed in patients 
who have been subjected to puncture of the 
nucleus of a tuberculous focal infection and have 
greatly benefited by it that, if concomitantly they 
had one or more large cavities with thick fibrous 
peripheries, this layer now becomes clear in the 
x-ray picture, although it has become thinner and 
is not continuous because of reabsorption. In 
them the draining bronchus is also seen well 
defined and dilated. 

Nevertheless in monthly tomographic studies 
of these patients, we found that the diameter of 
the cavities increases. We attributed this to the 
increased quantity of air inhaled through the 
dilated bronchi, thus distending the recently 
formed fibrous tissue of the scar. It is a well 
known fact that precisely the opposite happens 
when a draining bronchus is obstructed. In the 
latter instance the cavity becomes smaller and 
collapses, as has been proved both clinically and 
experimentally (2). 

It appeared obvious, therefore, that.in order to 
collapse the dilated cavity through an efficient 
nuclear puncture, it was necessary to close its air 
passage. We believed that it was easier to open 
the cavity and close the bronchus under direct 
vision despite the fact that when either a tuber- 
culous cavity or an abscess of the same origin is 
opened, the pus drains out and a fistula is thus 
created. 

However, our wide experience in the treatment 
of tuberculosis of the bone has convinced us that 
if puncture of the postallergic nucleus of tuber- 
culous focal infection is successfully carried out, 
we can safely open the abscess and then close it by 
suture of the skin, and thus attain definite healing 
of the operative wound by primary intention. A 
patient of ours was subjected to drainage of the 
lung cavity by continuous suction (Monaldi’s 
method) 3 months after the nucleus of his lung 
had been punctured; this showed that the cavity 
was free from exudates and necrobiotic tissue. 
Our operative plan was: incision of the skin and 
thoracic aponeurosis and finally the introduction 
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Fig. 1. 


Figs. 1, 2,3. Tomographic roentgenograms of A. Mart, 
28 years old, taken through the chest at a level 8 centimeters 
from the posterior chest wall. 

Fig. 1. Before treatment, a large cavity is shown in the 
right lung. All clinical symptoms indicate active tuber- 
culosis. Koch bacilli were present in sputum. 

Fig. 2. Same patient, 23 days after puncture of the 
nucleus in the lung. Fibrosis in both lungs has begun. The 


of a large sized trocar, such as an urethroscope, 
with a slightly sharp point which would perforate 
the soft perithoracic structures, an intercostal 
space, the pleura, and finally the lung tissue 
necessary to reach the cavity with the trocar. 
Once the trocar was within the cavity, examina- 
tion could be carried out by means of an electric 
bulb introduced through the cannula of the tro- 
car. 

We shall now describe the technique of opera- 
tion. A week before, the patient undergoes a new 
puncture of a lung nucleus, and 2 hours before 
operation, he is given an injection of morphine and 
scopolamine. A thorough tomographic study of 
the lung has already been made to determine the 
exact level of the cavity and whether the anterior 
or posterior route is the better to use. We start 
operation in the intercostal space nearest the 
cavity. This is generally the first intercostal space. 
The trocar is introduced with its point upward, 
toward the apex of the lung, the usual site of such 
cavities. 

We generally inject novocain along the line of 
incision, which is about 2 centimeters long, before 
cutting the skin and aponeurosis. Then the 
anesthetist proceeds to fill the lung with oxygen 
under pressure so as to distend the cavity and to 
make it resistant to the trocar. We immediately 
introduce the sharp ended urethroscope through 
the intercostal space chosen and press it into the 
lung until we sense that the resistance exerted by 


Fig. 2. 


Fig. 3. 
cavity is reduced. Local and general condition good. 
Patient has gained 4 kilograms in weight. 

Fig. 3. Same patient 6 months after puncture of the 
nucleus. The scar of the healing cavity is visible below the 
first rib. No Koch bacilli were isolated. Patient does not 
cough and has gained 5 kilograms in weight. No more 
symptoms of active tuberculosis. Local and general condi- 
tion is splendid. 


the pulmonary tissue has ceased. This means 
that the point of the instrument has entered the 
cavity. At this point in the procedure we ask 
the anesthetist to stop the administration of high 
pressure oxygen. 

The trocar is withdrawn and an electric bulb is 
introduced through the cannula so that we can 
examine the cavity. The walls appear smooth, 
fibrous, are as thin and shiny as serous membrane, 
and contain no detritus, secretion, or exudate. In 
other words, they are absolutely dry. The trans- 
parency of the walls makes possible visualization 
of the anthracosis of the neighboring pulmonary 
tissue. We fix the lumen of the bronchus with the 
end of the cannula. A rigid swab of cotton wool, 
soaked in a 35 per cent solution of silver nitrate, 
is placed in contact with the bronchus and is left 
there for about 10 seconds (1). Finally the cannula 
is withdrawn and a stitch is placed on the skin 
wound. Seven days later the stitch is removed. 
No inflammatory reaction takes place and the 
wound heals permanently by primary intention 
—a fact which has been confirmed on examina- 
tion of patients even as long as 2 years after op- 
eration. 

This attained success, even when the micro- 
scopical examination of tissue from the walls of 
the cavity revealed the presence of tuberculous 
nodules, was probably due to the reduced viru- 
lence of the bacillus brought about by the ben- 
eficial humor action which followed puncture of 
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Fig. 4. 


Fig. 5. 


Figs. 4 and 5. Tomographic roentgenograms of Balb. Carr, 37 years old, taken 
through the chest at a level 6 centimeters from the posterior chest wall. 

Fig. 4. Four months after the puncture of the nucleus in the lung a large cavern 
remains in the right lung; it is clean and appears to be very fibrotic and of the same 
dimensions as before the treatment. Other lesions of both lungs have disappeared. 


Koch bacilli present in sputum. 


Fig. 5. Same patient, 8 months after cavernoscopy. The cavern has cicatrized. 
Patient is in perfectly good health; no Koch bacilli present. 


the post-allergic nucleus of tuberculous infection. 
Coryllos in his studies on cavernoscopy and cau- 
terization or the use of muscle grafts, says that in 
only 8 of 12 patients did the operative wound heal 
by first intention but he adds that in all of them 
the wound had reopened within a fortnight fol- 
lowing the operation. 

The result of the inflammatory process thus 
provoked is the formation of abundant granula- 
tion tissue, a scar which closes the bronchus. This 





Fig. 6. Postmortem anatomical section from a tuber- 
culous cavity in thelung. The arrows point to the cavernous 
nipple resulting from cauterization of the draining bronchus, 
3 months earlier, with a 35 per cent solution of silver nitrate. 
The bronchus was obstructed. 


has been confirmed by tomographic studies and 
repeated clinical examinations. A few weeks later 
a still further proof may be obtained by punctur- 
ing the cavity by means of a needle attached to a 
syringe, the sucker of which has been pushed only 
half way down and which through its movements, 
will register the entrance of the point of the needle 
into the tuberculous cavity. Withdrawal of the 
sucker causes a little air to enter the syringe, but 
any further efforts in that direction will fail be- 
cause of the negative pressure in the cavity. This 
test proves that the lumen of the bronchus has 
closed. 

Figures 6, 7, 8 are from a case in which cauter- 
ization had been performed 3 months previously 
and perfect bronchial occlusion had been obtained 
as well as improvement in the patient’s general 
condition. Later, however, he died of pneumococ- 
cus bronchopneumonia. The microscopic sections 
show abundant granulation tissue as a result of 
cauterization. 

During the first 2 days after operation, patients 
complain of discomfort and dyspnea, their tem- 
perature rises 1 or 2 degrees and from the third to 
fifth day the sputum is more or less blood stained. 
After this stage is over the general condition of the 
patient steadily improves, he sleeps better, and 
his appetite is restored. Roentgenograms taken 
1 or 2 months later show the disappearance of 
exudate and the cicatrization of any remaining 
lung cavities. We attribute this improvement to 
the closing of the bronchus of the large cavity and 
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Fig. 7, left. Photomicrograph of a section of the same area 
as shown in Figure 6. a, Zone of newly formed concentric 
arrangement of fibrin, leucocytes, exudate. b, Older zone 


the consequent transformation of the cavity into 
a germ free air cyst. This process brings about 
general improvement in the physiological function 
of breathing. It is also possible that the pressure 
of the air which formerly reached the cavity and 
dilated it, aided the Koch bacillus, which requires 
free access to oxygen, against the beneficial 
humoral action set free by the puncture of the 
nucleus. At any rate and whatever the explana- 
tion postoperative improvement is definite and 
permanent. 

If there are two giant cavities, each requiring 
the blocking of its respective draining bronchus, 
it is advisable to treat both in the same operation. 
The results in our first 2 cases led us to this con- 
clusion; the blocking of only one bronchus was not 
found sufficiently beneficial on the lungs. In both 
of these cases fistulas developed 1o days after 
operation and though they closed spontaneously 
a few days following the cauterization of the 
other draining bronchus, they should always be 
avoided so as to prevent ulterior complications. 

It must be remembered that in the presence of 
two large cavities a double quantity of the silver 
nitrate solution is required for the process of 
cauterization. To avoid unpleasant surprises, 
such as postoperative shock with great difficulty 
in breathing, any excess solution should be care- 
fully removed by the proper squeezing of the cot- 
ton wool swab. 

The small amount of bleeding produced when 
the urethroscope perforates the lung, together 
with the gray color of the parenchyma visible 
through the transparent walls of the cavity, is 
always remarkable. Despite the perforation, the 
cavity never collapses for its walls are supported 
by the neighboring tissue and very often by 
adhesions to bones. 


with newly formed capillaries, fibroblasts, plasma cells, etc. 
Fig. 8. Photomicrograph of higher magnification of area 
b in Figure 7, many blood vessels, leucocytes, plasma cells. 


As we have already mentioned, the perforation 
of the lung as a rule is bloodless; only when there 
are present 2 giant cavities have we found in them 
a little serous fluid which was removed before the 
bronchus was cauterized. 

The air cyst, which results from the cavernos- 
copy and successful bronchial cauterization, gen- 
erally remains as such for some time in a certain 
number of cases, but in others, as seen in the 
roentgenogram, the air is gradually reabsorbed, 
possibly because of the now emphysematous 
neighboring lung tissue. Experience has shown 
that the reduction in size of the cavities in the cen- 
ter or base of the lung is faster than elsewhere 
since there is a great amount of surrounding elas- 
tic tissue and since the circulating blood absorbs 
the air oxygen contained in the said cavities (Figs. 
4, 5). 
We have had 4 interesting cases in which there 
were 2 giant cavities in the upper lobes of both 
lungs. Successful blocking of the draining bronchus 
had been carried out, although the cavities had 
shown only very little reduction in size. Four 
months later we discovered that there was an 
inflow of air into the cavities; this could have 
happened only through some unknown and un- 
detected canal. If such an occasion arises a new 
cavernoscopy should be done and the guilty drain- 
ing bronchus should be cauterized. 

As a rule giant cavities of the apex become 
“clean” without reduction in size. This may be 
ascribed to the fact that to a large extent such 
cavities are enclosed in fibrous tissue which is 
adherent to the pleura, ribs, or vertebrae, and the 
small amount of lung tissue still present in the 
neighborhood and affected by atelectasis is not 
sufficient to produce function, that is, that when 
distended, could reduce the diameter of the cavi- 
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ties. Such cavities should be treated by means of 
plastic operations which can now be carried out 
under more favorable conditions for the patients, 
thanks to our treatment, for it undoubtedly 
excludes any possibility of a general spread of the 
tuberculous infection. 
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THE PERFORATION 


OF PANCREATIC PSEUDOCYSTS 


A Report of Six Cases 


JOHN D. KOUCKY, M.D., F.A.C.S., WILLIAM C BECK, M.D., F.A.C.S., and 
MALCOLM C. TODD, M.D., Chicago, Illinois 


ANCREATIC pseudocysts are not com- 
mon. It may be inferred therefore, that 
the perforation of such a cyst would be a 
rarity. In the last few years, however, the 
authors have observed 3 such cases, which offer 
considerable difficulty from both the diagnostic 
and the therapeutic standpoint. We have found 
2 other cases of perforation into the general 
peritoneal cavity, and 1 into the duodenum, in 
the records of the Cook County Hospital over a 
20 year period, all of which are reported here. A 
review of the literature discloses that almost all 
textbooks on general and,emergency surgery, as 
well as the manifold articles on pancreatic cysts, 
refer to the possibility of rupture of the cysts, 
either into the general peritoneal cavity or into a 
neighboring viscus. Opie quotes Schwartz as 
having observed a case of a pancreatic cyst in 
1893, which ruptured into the general peritoneal 
cavity following a fall. Moynihan and Mayo- 
Robson in the first edition of their work on the 
diseases of the pancreas discuss the possibility of 
the rupture of the pancreatic cysts, and cite 
Dixon’s case which was published in 1884. Bull 
in 1887 and Parsons in 1857 described cases of 
pancreatic cyst in which there was a sudden dis- 
appearance of the abdominal tumor followed by 
severe diarrhea. It is believed that in these cases 
the cyst had ruptured into the bowel at some 
point. Payr is quoted by Opie as having reported 
a case in which the tumor disappeared and re- 
formed on 3 separate occasions at about 2 month 
intervals. Each disappearance of the tumor was 
followed by a severe diarrhea. 

In more recent years, although the literature on 
pancreatic cysts has grown immensely, we have 
found but casual reference to perforation of the 
cysts. We have found reference but no descrip- 
tion of the lesion in many of the texts on emer- 
gency and urgent surgery. This will attest to its 
rarity. The lesion is of some medicolegal im- 
portance as will be demonstrated in that 2 of our 
cases were ‘‘coroner’s cases,”’ and in that trauma 
often plays an important part, sometimes even a 
double réle, as the cyst may be of traumatic 
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origin, and a second injury may cause rupture of 
the cyst. 
, ETIOLOGY 

In discussing the etiology of perforated pan- 
creatic cysts, two considerations are obvious: the 
etiology of the cyst itself and the cause of its per- 
foration. If trauma is involved we must decide 
whether the trauma has caused the original 
formation of the cyst, or whether the trauma is 
responsible for the rupture of a pre-existing cyst. 
We must exclude from such a discussion the sim- 
ple lacerations of the pancreas, in which sufficient 
time has not elapsed for the formation of a pan- 
creatic pseudocyst in which the hemorrhagic 
exudate bursts into the peritoneal cavity a short 
time after the pancreatic laceration has occurred. 

As an example of such a lesion we wish to cite 
the case of F. P., a white boy of 9 years, who was 
admitted to the Cook County Hospital on August 


29, 1938. 


A history was given that 6 days before admission the 
patient had been swinging on a gate and his abdomen was 
crushed between this and a fence. He had been quite well 
except for epigastric pain and a mass which developed on 
the day after the injury. The parents believed that the 
mass was getting smaller. Physical examination revealed 
a fairly comfortable child, not acutely ill. A large mass 
was palpable in the epigastrium. On the second day after 
admission, the mass increased in size, and the child became 
acutely ill. A diagnosis of a bleeding pancreatic cyst was 
made and the child was operated upon. At operation a 
huge mass was found in the lesser peritoneal cavity con- 
taining old and fresh blood. Similar material was found in 
the free peritoneal cavity. About 2 liters of material was 
aspirated. A transfusion was administered immediately. 
The child appeared to be doing nicely for about 7 hours 
after operation, when he had a severe and uncontrollable 
hemorrhage from the wound, and died. 


This case does not represent a true perforated 
pancreatic cyst, but rather a laceration of the 
pancreas with delayed rupture of the pancreatic 
hematoma. 

The etiology of the pseudocyst may be, as Boyd 
states, either a previous attack of acute necrosis 
or an injury to the pancreas from trauma. The 
etiology of the perforation may be either trauma 
or, presumably, a rise in the intracystic pressure. 
The trauma does not necessarily cause an acute 
perforation at the time but may so injure the wall 
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of the cyst that necrosis will occur at a subsequent 
time, or the trauma may cause irritation of the 
cyst wall with further exudation and thus occa- 
sion a rise in the intracystic pressure. 

In discussing unruptured pancreatic cysts 
Takayasu found severe abdominal trauma in 30 
of 130 cases, in half of which the cyst appeared 
within 3 months. In only 1 of our 6 cases could 
we consider the cyst as having been caused by 
injury. This patient had been struck in the 
epigastrium by a hard baseball 4 years before the 
perforation took place. One patient, presumably, 
had had an acute pancreatitis several years 
previously. 

In 2 of the cases we believe that trauma was 
important in the rupture of the cyst, one patient 
having been kicked in the abdomen during a 
holdup, while a second was struck in the epi- 
gastrium while sitting in the rumble seat of a car 
which was involved in a collision. In the 4 other 
cases we must presume that a rise in the intra- 
cystic pressure caused the perforation. 


GROSS PATHOLOGY 


We will not discuss the pathology of pancreatic 
pseudocysts. This may be found in such articles 
as those of Judd, Mattson, and Mahorner, 
McWhorter, et cetera. In the perforated cases 
we have found a small rent, 0.5 to 1.5 centi- 
meters in diameter in either the gastrocolic or the 
gastrohepatic omentum. Although we have not 
seen it, it is possible that the perforation may 
take place through the transverse mesocolon. 
Through these rents the contents of the pseudo- 
cyst leaked into the general peritoneal cavity 
initiating a diffuse peritonitis. The cyst content 
was invariably a dark brown, or olive, viscid 
material containing old blood, clots, and partially 
organized material. Chemical analysis was done 
in 2 cases, and trypsin was found in appreciable 
amounts. Biopsy of the cyst wall was done in 1 
instance and revealed only a dense polymor- 
phonuclear infiltration of dense connective tissue. 


SYMPTOMS AND SIGNS 


It is somewhat difficult to discuss the symp- 
toms of perforated pancreatic cysts. They fall 
into three groups. First, there are the symptoms 
of the uncomplicated pancreatic cyst, which may 
or may not be obtainable in the history. Second, 
there are the prodromes of the actual perforation. 
Third, there are the symptoms which attend an 
acute perforative peritonitis. In only 3 of the 
cases of this series were any symptoms obtainable 
suggestive of a pancreatic cyst. These patients 
had vague upper abdominal distress and vomiting 


for some time preceding the actual perforation. 
One patient stated that he had had upper ab- 
dominal distress which was occasionally relieved 
by taking soda, while another noticed fullness in 
the epigastrium for the preceding several months. 
The prodromes to the perforation were noted in 
those cases in which a trauma preceded the actual 
perforation. These patients had severe upper 
abdominal distress, nausea, and vomiting for 
several days or weeks between the time of the 
trauma and the actual perforation. One patient 
was admitted to the hospital 2 weeks before the 
perforation (Case 3). At this time he presented 
symptoms of a localizing peritonitis in the upper 
abdomen which was very suggestive of an acute 
suppurative cholecystitis. He improved slightly 
under conservative management, and insisted on 
leaving the hospital after several days, but as his 
symptoms persisted he found it necessary to re- 
turn a few hours before the perforation took 
place. 

The history of the perforative episode was 
similar in all of the patients, and closely resem- 
bled the anamnesis of the patient with a per- 
forated peptic ulcer. Four of the patients felt 
comparatively quite well when they were sud- 
denly seized with an excruciating upper abdominal 
pain. The first pain was as severe as they had ever 
experienced and caused the patients to “double 
up.” None of the patients fainted or felt as 
though they were about to faint. The pain was 
soon generalized over the abdomen. In none of 
the cases did it follow any course of spread, as is 
so often observed in the perforation of peptic 
ulcers or gastric carcinoma. The pain was steady 
and agonizing and did not abate. All of the pa- 
tients were nauseated, and 4 of them vomited, 
although only once or twice. The character of the 
vomitus was nondescript with the exception of 1 
case in which it was described as having been 
black and coffee ground. 

The physical examination in all of the patients 
was typical of a perforative peritonitis. All of the 
patients appeared acutely ill. The rectal tempera- 
tures varied from 97.8 to 100.6 degrees, the pulse 
rate from go to 140, and the respiration from 24 to 
40. The leucocyte count was elevated from 10,600 
to 23,000. In all but 1 patient the positive find- 
ings were limited to the abdomen. This 1 patient 
had a severe mitral, rheumatic heart lesion. The 
examination of the abdomen in each revealed a 
board-like rigidity. Nevertheless, in 2 of the 
patients an upper abdominal mass could be made 
out. In 1 patient, an upper abdominal mass, 
which had been palpable previously, had seem- 
ingly disappeared, which we ascribed to the 
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marked muscle spasm masking the underlying 
tumor. Tenderness was diffuse in all of the ab- 
domens, as was the rebound tenderness, and no 
localization of any kind discernible. In all but 1 
patient the abdomen was completely silent, and 
in this instance there was some indication that the 
sounds were those of succussion splash. The con- 
tour of the abdomen was either flat or distended 
in all cases. The rectal examination was equiv- 
ocal. 

Serum amylase or urinary diastase tests were 
not done before operation in any of these patients. 
In 2 of the patients, blood was drawn during the 
operative procedure and exceedingly high values 
of blood amylase were found, which suggest that 
this test would be of great help in establishing the 
diagnosis. oe 

DIAGNOSIS 

Although a correct diagnosis was not made in 
this series, nevertheless, we may draw certain con- 
clusions from a review of the case histories which 
may help to establish the diagnosis in future 
cases. A history of upper abdominal trauma, fol- 
lowed by a latent period, with the subsequent 
sudden onset of the symptoms of a perforative 
lesion, combined with the findings of a peritonitis 
and an upper abdominal mass should certainly 
suggest the diagnosis of a perforated pancreatic 
cyst. In our cases 2 were operated under the 
ambiguous diagnosis of “ruptured abdominal 
viscus,” 1 as a perforated peptic ulcer, perforated 
gastric carcinoma, and perforated gall bladder. In 
85 per cent of the cases of perforated peptic ulcer, 
free air will be discernible under the diaphragm. 
Likewise, there is usually radiation of pain toward 
the lower right quadrant which may also be ob- 
served in perforation of gastric tumors (4), but 
in the latter the pain more frequently radiates 
toward the left lower quadrant. Perforations of 
the gall bladder may be almost indistinguishable, 
but in the case which we had erroneously diag- 
nosed as such, the findings in retrospect were 
fairly indicative of perforation of a pancreatic 
cyst, since the patient had a history of epigastric 
trauma and a palpable abdominal mass which dis- 
appeared following the onset of symptoms of 
peritonitis. Late or delayed ruptures of the spleen 
and liver may be differentiated by the profound 
anemia which accompanies them although 1 of our 
patients had a severe anemia. The rupture of the 
hollow viscera may be associated with the findings 
of free air, and often a previous history of colonic 
disease may be obtained, as we have reported 
in another communication (5). Rupture of an 
ectopic pregnancy may be differentiated by its 
typical history. 
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TREATMENT 


The treatment of the perforated pancreatic 
cyst, of course, differs greatly from that of the un- 
ruptured one. In the former type the patient is 
acutely ill and often in an advanced state of 
surgical shock. In this series the blood pressure 
on admission was under 100 systolic in 3 instances. 
Erythrocyte counts were high in 2 cases— 
5,000,000 and 5,200,000, respectively. The other 
patients revealed a profound anemia. This would 
suggest that there was a definite hemoconcentra- 
tion, although blood specific gravities were not 
carried out. It has already been noted that some 
of the symptoms of perforated pancreatic cyst are 
similar to those of an acute hemorrhagic pan- 
creatitis, one of whose most constant symptoms is 
shock. 

It, therefore, becomes imperative that the 
primary treatment be that for shock.§ This con- 
sists in the administration of blood, fluids, eleva- 
tion of the foot of the bed, and external heat. 
Careful observation of the blood pressure and the 
blood specific gravity will reveal the patient’s 
response to the therapy. 

Operative treatment, however, appears essen- 
tial. In all patients of this series an attempt was 
made to aspirate as much of the spilled contents 
of the cyst as was feasible without traumatizing 
the abdominal contents. In each case an attempt 
was then made to locate the perforation. The 
treatment of the cyst in this series was either 
packing of the cyst or actual marsupialization 
with packing. It appears to us, that in these 
seriously ill patients, the primary purpose must 
be tosave the patient’s life, wherein the eradication 
of the cyst is of but little importance. Therefore, 
the procedure which requires a minimum of 
manipulation and a minimum of time is the one 
of choice. The more active treatment of the cyst 
itself is a minor consideration when the mortality 
of the perforation is so great. This would pre- 
clude such operative procedures as excision of the 
cyst, or anastomosis of the cyst with the jejunum 
or the gall bladder, as has been suggested by Karl 
Meyer for nonperforated cysts. 

In our opinion the best treatment is probably to 
bring the perforation into contact with the ante- 
rior parietal peritoneum with a few sutures and 
then pack the cyst with strips of iodoform gauze. 
This may be very difficult because of the location 
of the rent in the cyst, or because of the friability 
of the wall. If marsupialization is impossible, we 
suggest introducing a fenestrated rubber tube and 
surrounding this with strips of iodoform gauze. 
A Mikulicz pack with the outer gauze made of 
the finest mesh available might also be tried to 
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Fig. 1. Drawing illustrating the types of rupture of pan- 
creatic pseudocysts as represented by reported cases and 
observed at the operating table. 


advantage. Marsupialization need not be done at 
the site of the perforation. It should be performed 
at the most superficial part of the cyst and the 
rent closed by suture or by an omental graft. 
Thus if the perforation is through the gastro- 
hepatic omentum, the marsupialization can be 
done through the gastrocolic ligament. 

The skin around the wound should then be care- 
fully covered with a paste of aluminum paint 
powder, to protect it from digestion by the secre- 
tions of the cyst which have, in the 2 cases in 
which the tests were made, contained pancreatic 
ferments in appreciable amounts. The post- 
operative care should be directed against surgical 
shock and peritonitis. We have routinely ad- 
ministered blood and maintained the fluid and 
electrolyte balance with continuous intravenous 
saline solution. The use of the Wangensteen 
method of suction for the impending paralytic 
ileus and the use of 100 per cent oxygen through 
the Boothby, Loveless, and Mayo mask should 
help relieve distention. 


PROGNOSIS 


With the paucity of reports of perforated pan- 
creatic cysts in the literature, we have been unable 
to determine the mortality rate in other series. 
In reviewing 101 operations for unruptured pan- 
creatic cyst Oser cites 81 recoveries, or a mortal- 
ity of 19 per cent. Of the 6 cases in this series 
there were 2 recoveries and 4 deaths, or a mor- 
tality of 66 per cent. Of the 2 patients who re- 
covered, 1 (Case 4) made an absolutely uneventful 





Fig. 2. Diagrammatic representation of the types of per- 
forations of pancreatic pseudocysts in cross section. 


recovery. This patient had drainage from the 
wound for about 3 weeks, when the fistulous tract 
closed and has remained closed. The second 
patient (Case 2) that recovered, developed a fecal 
fistula which communicated with the transverse 
colon. This patient had a somewhat stormy post- 
operative course, and 2 weeks following the op- 
eration had an acute attack of epigastritic pain 
which was associated with a marked rise in the 
blood amylase. This gradually subsided and the 
patient was discharged from the hospital 7 weeks 
after the operation. He returned for closure of the 
fecal fistula 6 months later, and has been in per- 
fect health since. 

A persistent pancreatic fistula is not to be 
greatly feared in this type of cyst, as Judd, Matt- 
son, and Mahorner have shown that in pseudo- 
cysts the absence of a lining of columnar epithelia] 
cells permits the growth of granulation tissue and 
rapid obliteration of the cyst. 


PERFORATION INTO THE BOWEL 


We have been able to find but 1 example of per- 
foration into the bowel in the files of the Cook 
County Hospital. In this instance, the wall of the 
cyst was definitely malignant. The patient had a 
severe cardiac lesion and developed a mass in the 
epigastrium which was interpreted as a lobe of the 
liver. Shortly before death this mass receded in 
size. Death was not sudden but rather the pa- 
tient died gradually of his cardiac decompensation. 
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The patient had a severe diarrhea for 2 days be- 
fore death, although its significance escaped the 
notice of the clinicians. At autopsy a malignant 
cyst of the pancreas was found which had per- 
forated into the second portion of the duodenum. 


CASE REPORTS 

Case 1. F. H., a white male of 54 years, entered the 
Cook County Hospital on June 30, 1937, and stated that 2 
weeks previously he had been kicked in the upper abdomen. 
He had a pain at the time which subsided within 2 days, 
after which he felt comparatively well. Six days after the 
injury he noticed that his upper abdomen began to swell. 
Ten days after his injury he began to have sharp sticking 
pains in the upper abdomen which became more severe. 
On the day of admission to the hospital he had a sudden 
agonizing pain which was diffuse and constant. He vomited 
once and had a bowel movement which was said to contain 
gross blood. The past history was entirely negative except 
for a chancre in 1914. 

On physical examination the patient was found to be 
acutely ill, tossing about in bed and moaning with pain. 
The abdomen was distended to 6 centimeters above the 
xiphopubic line, diffusely rigid, and tender. Rebound 
tenderness was marked throughout. No bowel sounds were 
audible. The rectal examination was negative. The 
temperature was 98.6 degrees; pulse, 112; blood pressure, 
98/60. The erythrocyte count was 1,500,000, the white 
count, 16,800. A diagnosis of a ruptured viscus, probably 
spleen, was made and operative intervention advised. 

Operation was done by J. Koucky. The peritoneum con- 
tained about 5 liters of a dark brown viscid material. All 
peritoneal surfaces were grossly injected. No fat necrosis 
was observed. Behind the stomach and colon there was a 
huge collapsed cyst, the wall of which was about 8 milli- 
meters thick and very tough. Brownish fluid was leaking 
through a 1 centimeter perforation in the gastrocolic liga- 
ment. The perforation was surrounded by an area of 
necrosis 3 centimeters in diameter. The fluid in the 
peritoneal cavity was aspirated as well as the remaining 
fluid in the cyst. The wall of the cyst was then sutured to 
the parietal peritoneum, and the cyst was packed loosely 
with iodoform gauze. 

The patient had a stormy postoperative course and ex- 
pired on the third day after operation. A postmortem 
examination was made by the coroner’s physician and con- 
firmed the operative findings. 


The thickness and density of the cyst wall 
would indicate an age much greater than 2 weeks 
and therefore the recent trauma was not a factor 
in the etiology of the cyst itself. The probable 
sequence of events was a traumatic necrosis of the 
most exposed surface of the pre-existing cyst with 
rupture 2 weeks later when sufficient softening of 
the devitalized area had occurred. Increased 
intracystic pressure may have contributed to the 
necrosis of the wall and to its ultimate rupture. 


CasE 2. J. S., a white male of 49 years, was admitted to 
the Cook County Hospital on June 30, 1939, at 2:00 a.m. 
He stated that he had been in good health until 6 hours 
before admission. At this time he was suddenly seized with 
an excruciating pain which started in the epigastrium, but 
soon became diffuse over the abdomen. He was doubled up 
by the pain and was unable to move. He vomited once 
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His past history was suggestive of peptic ulcer as he had 
dyspepsia, which was relieved somewhat by soda. He had 
experienced 1 attack of rather severe abdominal pain which 
had caused confinement to bed for 1 week, 3 years pre- 
viously. 

Physical examination revealed a man acutely ill, moan- 
ing with pain. The abdomen was slightly distended above 
the xiphopubic line, completely rigid, and diffusely tender. 
Rebound tenderness was marked throughout. The liver 
dullness was not obliterated. The rectal examination was 
normal. The temperature was 99.8 degrees; the pulse, 120; 
and the respiration, 30. The blood pressure was 90/72. 
The erythrocyte count was 5,600,000; the white count, 
16,000. Fluoroscopy did not reveal any free air under the 
diaphragm. Nevertheless, a diagnosis of a perforated 
peptic ulcer was made, and the patient was prepared for 
laparotomy. 

Operation was done by William Beck. The peritoneal 
cavity contained about 2 liters of a thick brown liquid. The 
gall bladder appeared normal. The duodenum was dis- 
placed downward and medially and a large mass (cyst) 
depressed the stomach. There was a perforation of the cyst 
about 1 centimeter in diameter, just above the pylorus. 
From this point brown liquid material poured freely. The 
perforation was enlarged, and the edges were sutured to the 
parietal peritoneum. A liberal amount of the fluid was 
removed for chemical and bacteriological study, and blood 
was drawn for a blood amylase test. The marsupialized 
cyst was then packed with iodoform gauze strips. 

The fluid was found to contain both trypsin and amylop- 
sin. The blood amylase was 124 units (normal 8-32).! 

The postoperative course was stormy and the patient 
developed a fecal fistula connection with the transverse 
colon. This was subsequently closed. The patient was well 
when last seen 1 year after operation. 

Case 3. L. G., a Hungarian gypsy of 40 years, was first 
admitted to the Cook County Hospital in 1936, after having 
been struck in the epigastrium by a baseball. On admission 
he was suffering from severe epigastric pain and appeared 
to be in shock. After 4 days he was much improved and 
discharged from the hospital. 

He was again admitted May 5, 1940, complaining of pain 
and tenderness in the abdomen which started suddenly, and 
remained more or less constant. At the time of this ad- 
mission he had a moderate fever (varying from g9-101 
degrees). He was tender in the epigastrium and had a 
moderate amount of rigidity. A mass was palpable in the 
upper abdomen which appeared to be more on the right 
side and was about the size of a grapefruit. It was believed 
that the patient either had a perigastric abscess, or an 
acute cholecystitis with empyema. After 4 days the pa- 
tient insisted on being released from the hospital. 

For 2 days following his release he felt quite well. Then 
he had a recurrence of his abdominal pain, more severe this 
time. He took a dose of castor oil following which he 
vomited several times. He, therefore, returned to the 
hospital and was readmitted May 12, 1940. A short time 
after his admission he had a sudden extremely severe pain 
in the epigastrium which radiated to the back. He was 
seen by the resident who found him gasping for breath, 
moaning in pain, and almost pulseless. The skin was 
subicteric in color and there was an icteric tint to the 
sclera. The abdomen was diffusely rigid and tender. Re- 
bound tenderness was marked. The mass was no longer 
palpable, but it was thought that it was obscured by the 
rigidity. Bowel sounds were absent. The temperature was 
97.8 degrees, the pulse, 112. The erythrocyte count was 


1A modification of Wohlgemuth’s method for blood and urine in which 
each unit represents the number of cubic centimeters of blood required 
to reduce o.1 cubic centimeter of starch at 37 degrees C. 
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3,630,000, the white cell count, 18,600. The non-protein 
nitrogen and creatinine were normal, and the icterus index 
37.5. A diagnosis of a ruptured gall bladder was made. A 
blood transfusion was done and operative treatment was 
advised. 

Operation was done by William Beck. There was a 
diffuse peritonitis and the peritoneal cavity contained 
about 1% liters of a dark brown, inspissated, bile-like 
material. There were many pericholecystic omental adhe- 
sions. The stomach bulged forward, and a mass appeared 
to raise the greater curvature. There was a perforation 
through the gastrocolic omentum about 4% centimeter wide 
through which the brown material poured. In the lesser 
omental bursa and on the omentum there were several 
small areas of fat necrosis. The cyst itself contained old 
and organized blood clot. Some of the liquid was obtained 
for study. Blood was drawn for an amylase test. The fluid 
was aspirated, and the wall of the cyst was sutured to the 
parietal peritoneum. Iodoform packs were placed in the 
cyst. A portion of the cyst wall was removed for biopsy. 
The patient was operated on under a very low dose of 
spinal anesthesia. During the operation his condition was 
very poor, and the respiration was maintained only by 
artificial insufflation by the anesthetist, Dr. Charles 
Bettlach. 

The biopsy showed only a dense inflammatory reaction 
in thick fibrous tissue. The fluid gave a positive reaction 
for trypsin. The blood amylase was 96 units (normal 8-32), 
the urinary diastase 384 units. 

The patient’s condition on the second day appeared 
much brighter. The blood amylase at this time was 64 
units. On the third day after operation the patient sud- 
denly expired. Permission for autopsy was denied. 

Case 4. S. W., a white woman of 62 years, was admitted 
to the Cook County Hospital on September 27, 1935. The 
patient stated that she had been ill for 5 days. The onset 
of the illness was ushered in with a severe abdominal pain 
which continued until the morning of the day of admission 
when the pain had suddenly become excruciating. She 
took some salts which were promptly vomited. She then 
vomited some black material, and had a watery stool. A 
physician was called, who administered morphine, which, 
however, did not afford any relief. 

On physical examination the patient appeared acutely ill 
and cried with pain. The abdomen was distended, rigid, 
and diffusely tender. Rebound tenderness was marked. A 
mass was palpable in the upper left quadrant of the abdo- 
men. The bowel sounds were absent. The temperature 
was 100 degrees, the pulse 110. The white blood count was 
10,400, the red count, 5,200,000. The urine was normal, 
the carbon dioxide combining power, 60. Fluoroscopy did 
not reveal any free air under the diaphragm. 

A diagnosis of a perforated carcinoma of the stomach 
with a perigastric abscess was made, and the patient pre- 
pared for operation. 

Operation was done by P. Rosi. A large pseudocyst of 
the pancreas was found with 2 liters of foul smelling dark 
bloody fluid in the free peritoneal cavity. The gall bladder 
contained many stones. The cyst was marsupialized and 
iodoform packs inserted. 

The patient made an uneventful recovery. The tract 
healed rapidly and the patient was discharged 6 weeks 
after operation without any drainage from the wound. 

Case 5. L. L., a 19 year old white girl, was admitted to 
the Cook County Hospital on November 13, 1931. The 
patient stated that she was riding in the rumble seat of an 
automobile which struck a post and she was thrown for- 
ward sustaining an injury to the upper abdomen. She was 
taken to a hospital where she remained for 9 days. During 
this time she had severe pain in the right side of the upper 
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abdomen as well as a dull ache in the left hypochondrium. 
Her abdomen was distended and she vomited persistently 
for about a week. She went home feeling quite well, and 
remained home for 1 week, able to carry out household 
duties. 

Six hours before admission, she had a sudden sharp and 
severe pain in the upper right quadrant of the abdomen. 
The pain soon became diffuse. She vomited 3 times and 
developed hiccough. 

Examination revealed an emaciated girl, who was acutely 
ill and in severe pain. She had a mitral type of heart con- 
figuration and murmur. The abdomen was distended, 
tense, and rigid. Tenderness was diffuse and rebound 
tenderness marked. Peristaltic sounds were absent. Liver 
dullness was not obliterated. A questionable mass was 
palpable in the epigastrium. The blood count showed 
3,100,000 red cells and 23,000 white cells. The blood 
pressure was 122/80. Fluoroscopy revealed bilaterally 
fixed diaphragms, but no free air. 

Operation was done by Dr. Shabat. Considerable fat 
necrosis was noted in the peritoneum. About 1 liter of old 
blood with fibrin and clots was found in the peritoneal 
cavity with marked inflammatory reaction of the peritoneal 
surfaces. Behind the stomach there was a cyst, the floor of 
which was formed by the pancreas. The cyst was drained. 
The postoperative course was stormy, and the patient ex- 
pired on the tenth day after operation. The coroner did not 
perform an autopsy. 


SUMMARY 


The perforation of pancreatic pseudocysts is a 
rare occurrence, yet must be considered in the 
differential diagnosis of the acute traumatic and 
nontraumatic abdominal lesions. Perforation 
may occur into the free peritoneal cavity, or into 
a hollow viscus. The symptoms and signs are 
those of a perforative peritonitis, but there are 
certain suggestions which may be derived from 
the anamnesis or from the physical examination 
which may lead one to the proper diagnosis. Six 
cases of perforation into the free peritoneal cavity 
and 1 into the duodenum are reported and dis- 
cussed. There was a history of trauma as a 
probable causative factor in the development of 
the cyst in 1 instance and there were 2 instances 
of actual rupture of the cyst by trauma. The 
rupture appears to have been spontaneous and 
presumably secondary to the increased intracystic 
pressure or to necrosis of the cyst wall due to 
trauma. The value of the blood amylase or uri- 
nary diastase reaction in establishing the diag- 
nosis is suggested. As treatment the simplest 
operative procedure is suggested, as well as one 
which will consume a minimum of time; marsu- 
pialization and packing the cyst lightly with iodo- 
form gauze will be the procedure of choice unless 
the rent in the cyst is located at a point where it 
cannot be brought up into the wound. In this case 
the rent might be closed by suture and a new 
opening made on the anterior surface of the cyst 
for marsupialization. Shock was prevalent and 
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the mortality high—66 per cent. These and other 
features suggest that the diagnosis should be 
made as soon as possible and that operative ther- 
apy should be instituted as soon as shock is 
under control 
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HOW DOES A COLOSTOMY AFFORD PROTECTION AGAINST 
PERITONITIS FROM SUBSEQUENT OPERATIONS 


CHARLES E. REA, M.D., Minneapolis, Minnesota 


T is generally believed that a colostomy 
affords a great deal of protection against 
peritonitis. Just how this is obtained is not 
certain. There is clinical and experimental 

evidence to show that any abdominal operation 
confers on the peritoneum some degree of resist- 
ance to infection. Coller, Ransom, and Rife 
found that this resistance is not marked and is 
less than that obtained by intraperitoneal vac- 
cination. Coller and his co-workers also found 
that, while a colostomy in the dog affords some 
protection against peritonitis, the greatest degree 
of protection was observed after the mere subcu- 
taneous implantation of an unopened loop of 
colon, in which there was no factor of infection 
other than that incidental to an exploratory 
laparotomy. Their method was as follows: 

The minimal lethal dose of Bacillus coli com- 
munis for the normal dog was determined. In 
their experiments this dose was found to be 14 
of a slant of a 24 hour agar culture of Bacillus coli 
communis, which contained approximately 2% 
billions of the organisms. An end colostomy 
using the distal colon was performed in healthy 
dogs. After 2 weeks, peritonitis was produced by 
intraperitoneal inoculation with varying doses of 
colon bacillus. Of the 6 dogs, only 1 recovered and 
this animal had received less than the minimal 
lethal dose of organisms. When inoculation was 
delayed until one month after colostomy, no 
greater protection was obtained. In other experi- 
ments the following procedure was carried out: 

A segment of the distal part of the colon, ap- 
proximately 8 centimeters long was drawn 
through the incision and implanted subcuta- 
neously (“precolostomy”’). Again at the end of 
2 weeks, peritonitis was induced by the intra- 
peritoneal inoculation of varying doses of Bacillus 
coli communis. There was evidence of consider- 
able protection in this group, some of the dogs 
surviving inoculation with 2 to 4 times the min- 
imal lethal dose of the culture. 

It has been suggested that possibly the peri- 
toneum became immunized after a colostomy by 
low grade leakage around the colostomy opening. 
If this be true, evidence of intraperitoneal con- 
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tamination from the colostomy should be demon- 
strable, with signs of peritoneal immunization as 
shown by an increased agglutination titre. To 
try to verify this, gauze constantly saturated with 
a 40 per cent solution of thorotrast was placed on 
the skin around the unopened colostomy of two 
patients on the second postoperative day. No 
evidence of intraperitoneal spread of the thoro- 
trast was seen by roentgenogram 1 week later. 
While bacteria are smaller than the thorotrast 
particles and may have entered the peritoneal 
cavity, the finding noted indicates how effective 
and early the peritoneal seal is around the colos- 
tomy loops. 

Studies were made concerning the agglutina- 
tion titre of the serum against Bacillus coli com- 
munis in a group of patients with colonic malig- 
nancy, before and after the colostomy was made. 
Bacillus coli communis was the organism tested 
as it is the most common bacterium found in 
peritonitis (Owen). The colostomies were opened 
on the fourth to the seventh postoperative day. 

It will be seen that while there is a rise in the 
agglutination titre of the blood after colostomy it 
tends to fall after 4 weeks (Table I). This is 
strikingly shown in the cases of 8 patients whose 
agglutination titre was studied before and then 
2 and 4 weeks after colostomy (Chart 1). Of 11 
patients operated upon for recurrent appendicitis, 
hemorrhoids, chronic cholecystitis (control), while 
the agglutination titre never ran as high as those 
after colostomy, the same phenomenon was ob- 
served. It is interesting that the agglutination 
titre of 10 patients studied at least 2 years after 
colostomy never was higher than 1:40 against 
Bacillus coli communis. 

RESUME 

From these data the protection against peri- 
tonitis afforded by colostomy is not entirely 
explained by peritoneal “immunity” alone. 
Undoubtedly other factors play a réle, as the form- 
ation of adhesions which limit the spread of 
subsequent peritonitis, and the general physical 
improvement of the patient following colostomy. 
The excellent results of Jones, Rankin, and others 
following the one stage abdominoperineal resec- 
tion for carcinoma of the rectum makes one won- 
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TABLE I.—AGGLUTINATION TITRE OF PATIENTS’ 
SERUM AGAINST BACILLUS COLI COMMUNIS 
FOLLOWING COLOSTOMY 


Number of Agglutination titre against B. coli communis 


patients ist week 2nd week 4-7 weeks 

Colostomy— 26. . Neg. =12 3 2 
I-10 =I ° 
I-20 =I I I 
I-40 =I I 
1-80 =3 ° I 
1-160 =3 I 4 
I-320 =1 I I 
1-040 =I I 
1-1280=2 2 I 
I-2560=1 3 I 
I-5120=0 3 I 


der if the protection given by a preliminary colos- 
tomy is as great as one has believed. The factors 
of selection of cases, care before and after opera- 
tion, etc., must be taken into account, however. 

It may be questioned whether the agglutination 
titre of the blood is comparable to that of the peri- 
toneal fluid. There are no published studies con- 
cerning this point in the available literature. 
Bargen, from unpublished data concerning ex- 
perimental peritonitis, believes that they are 
comparable. While Steinberg has never tested 
the agglutination titre of the peritoneal fluid 
against colon bacillus after injecting this organism 
intraperitoneally in dogs, he believes from pre- 
vious experience with other antibodies and in- 
jected drugs that the peritoneal fluid has a greater 
concentration of these antibodies than the blood 
in approximately a 1: 1.6 ratio. 

It is well known that the colon bacillus is a 
relatively poor producer of agglutinating anti- 
bodies. The rabbit dies before an agglutination 
titre of any consequence can be achieved or if 
the animal survives the titre is not particularly 
high. This is also true of the dog (Steinberg). 

It would seem significant that the agglutination 
titre was higher following colostomy than after 
appendectomy, cholecystectomy, and hemor- 
rhoidectomy. However, it will be noted that 2 
years after colostomy the agglutination titre of 
the serum was negligible against the Bacillus coli 
communis. Coller and his co-workers also found 
that the protection derived from laparotomy is 
largely lost after long periods of time. 


110.240 4 
1-5120 4 
+2560 - 
1-1280 + 
1-640 
pint pmo 
1-80 + 
1-40- 
1-20 - =, 
1-10 4 \ 
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1 2 3 4 so © 
Weeks 

Chart 1. Agglutination titre of patients’ serum against 
Bacillus coli communis following colostomy. 
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CONCLUSIONS 

The protection afforded by a colostomy against 
peritonitis is not due entirely to peritoneal 
“immunity,” as determined by agglutination 
titre of the serum against the Bacillus coli com- 
munis. Certain physical factors secondary to the 
colostomy, such as intraperitoneal adhesions, 
general improvement of the patient, undoubtedly 
play a réle. 
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LABORATORY AIDS IN 
SURGERY 

EW developments in physiological 
principles have contributed many 

times more to the progress of sur- 

gery during the past two or three decades than 
has progress in surgical technique itself. So 
often, however, the advantages of new phys- 
iological principles cannot be utilized with- 
out resorting to a laboratory test. This fact 
has led to a marked increase in cost of medical 
and surgical care. In view of this fact, and its 
relationship to the possible serious detrimental 
social effect on the practice of medicine, and 
in view of the added probability or certainty 
that hard times will follow the present world 
war, it becomes imperative that we give seri- 
ous thought to major principles in the cost of 
medical and surgical care. Unfortunately, on 
many occasions the clinician hides behind the 
halo of the “complete medical workup,” when 
in reality the patient is being exploited. Al- 
though the routine use of certain laboratory 
tests is to be condemned, yet all will agree 


that the ordinary urine and blood examina- 
tions are performed with so little time and ex- 
pense, and reveal so much information, com- 
paratively, that they cannot be dispensed 
with. The purpose of this discussion is to 
show that many of these tests are absolutely 
essential to good surgical practice, whereas 
others need be resorted to only occasionally, 
provided sound judgment is utilized in care 
of the patient. It is axiomatic that as the 
quality of the judgment in the care of the pa- 
tient decreases, the more important and 
necessary will laboratory aids be. 

There are certain tests which are so neces- 
sary in establishing a correct diagnosis that 
they cannot be dispensed with. For example, 
an adenoma of the pancreas (comparatively 
rare) is usually associated with a fairly typical 
history of weakness, mental confusion, etc., 
alleviated by food; yet few surgeons indeed 
would subject a patient to a laparotomy with- 
out the confirmation of blood sugar deter- 
mination and glucose tolerance tests. The 
same could be said of the importance of blood 
calcium determination in the diagnosis of 
hyperparathyroidism. Turning to a more 
frequent disease, I am sure that all urologists 
would concur in the statement that prepara- 
tion of an elderly mzn, with a long history of 
prostatic obstruction, for suprapubic prosta- 
tectomy would be absolutely incomplete and 
unsafe without observations on the non- 
protein nitrogen level in the blood. 

There are certain tests which could be used 
much more frequently than they are at the 
present time, although they may be essential 
to the diagnosis in only the occasional case. 
Carcinoma of the rectum is a lesion which 
represents this group, in so far as the data 
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obtained by biopsy are so conclusive. Most 
careful surgeons require confirmation by bi- 
opsy as a matter of routine. The surgeon who 
does not believe in confirmation by biopsy 
need make but one mistake in a decade, for 
example, radical resection of the rectum for 
a benign tumor, to prove the value of biopsy 
confirmation. Certain patients with carci- 
noma of the stomach or colon may have a low 
blood protein because of bleeding, hepatic in- 
sufficiency, etc., and not exhibit any clinical 
evidence of it. Radical resection in a patient 
of this type may be followed by delayed heal- 
ing of the anastomosed intestine, or of the 
wound in the abdominal wall, with conse- 
quences so serious as to cause death. A blood 
protein determination would detect this in- 
sufficiency, which could be corrected before 
operation, by transfusion of blood or plasma. 
Atelectasis and pneumonia are common post- 
operative complications. One may be mis- 
taken for the other by the untrained clinician. 
When we realize that the treatment of the 
two lesions is so different, we can readily 
understand how valuable a portable roent- 
genogram of the chest would be, in eliminating 
serious consequences of ill advised therapy. 

There is a large group of laboratory tests 
which can be omitted, by at least some sur- 
geons, without jeopardizing the results to any 
significant degree. Determination of the vi- 
tamin C blood level, and blood level of sul- 
fanilamide in sulfanilamide therapy are ex- 
amples of this group. It has been found re- 
cently that the blood level of sulfanilamide is 
not so important as it was originally thought 
to be. It is safe to assume that the majority 
of patients with a prolonged history of an 
inadequate and unbalanced diet accompany- 
ing carcinoma of the stomach and colon are 
deficient in vitamin C. The drug is so cheap 
that it is justifiable to omit the determination 
on the blood, and give it to all such patients, 
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along with generous quantities of orange 
juice. Routine daily observations on the pro- 
thrombin clotting time in obstructive jaun- 
dice no longer seems necessary. One reading 
just before operation should be ample to pick 
up the occasional patient whose prothrombin 
time cannot be brought to normal with the 
usual vitamin K therapy because of hepatic 
insufficiency. The point must be made, how- 
ever, that if scientific progress in those condi- 
tions just mentioned is to be made, laboratory 
tests of a quantitative nature must be per- 
formed. Little may be lost, therefore, by de- 
creasing the number of tests in such instances, 
except to contribute to scientific data and 
progress, a privilege or obligation which un- 
fortunately far too few accept. The routine 
use of a complete gastrointestinal x-ray ex- 
amination and complete blood chemistry 
studies for every ache and pain constitutes a 
still greater waste of energy, time, and- money. 
The medical profession, therefore, has a 
responsibility of conserving not only the pa- 
tient’s time, but also money involved in his 
care, regardless of whether it comes out of the 
pocket of the patient or from public funds. 
Unfortunately, it is entirely unfeasible for 
the doctor or an institution to make a blanket 
rule as to what laboratory aid should be per- 
formed on patients with a given disease. 
There is no substitute for the judgment and 
medical training required to make these deci- 
sions intelligently. WarrEN H. Cote. 


HYPERACUTE PERFORATION 
OF THE ACUTELY INFLAMED 
APPENDIX 

F the 19,138 clinical records ab- 
stracted in the first Pennsylvania 
State-Wide Survey of acute appen- 

dicitis and its complications, none were so fact 
revealing as those of 70 patients admitted 
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with acutely inflamed intact appendices which 
ruptured during operation. The average age 
of these 70 patients was 24 years, average 
temperature on admission, roo degrees F., 
average pulse, 104. The average time between 
onset of symptoms and operation was 48 
hours. Of these 70 patients, 58 died—a mor- 
tality of 82.86 per cent. The average time 
between operation and death was 168 hours. 
This group of patients is unique not only 
because of the large number reported but also 
the definiteness of the facts regarding them. 

Never before to my knowledge has it been 
possible to study the progress of so many pa- 
tients where the period of time between per- 
foration of the appendix and death has been 
accurately recorded, or how and why perfora- 
tion occurred and the manner in which the 
patients died. Some of the appendices were 
ruptured as delivery was almost completed, 
only the peritoneum adjacent to the incision be- 
coming infected. Most of these patients recov- 
ered. The majority, however, were ruptured 
in the peritoneal cavity in various locations. 
The appendix was frequently abnormally sit- 
uated and difficult to locate because of poor 
visibility. Without exception, the peritoneum 
was literally prepared for the rapid absorption 
of toxins. Every move of the surgeon’s hand 
was attended by trauma or death of endothe- 
lial cells with consequent exposure of lymph 
and arterial capillaries. 

Most of these patients developed hyper- 
pyrexia and tachycardia almost immediately 
after operation. Some of them died so quickly 
that their abdominal walls were rigid at death. 
Distention, the usual accompanimentof spread- 
ing peritonitis deaths, did not have time to 
develop. Some of them never regained con- 
sciousness and died in a toxic delirium. 

Rupture of the acutely inflamed distended 
appendix during operation is likely to occur 
because of poor relaxation of abdominal mus- 
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cles, inadequate exposure of the involved area, 
blind operating and the McBurney incision, or 
lack of patience on the part of the surgeon. 

These patients are in the excellent risk group. 
The majority of them, therefore, may be given 
spinal anesthesia. It is, however, the function 
of the surgeon to decide if this type of anesthe- 
sia is to be employed. The diminished excur- 
sions of the diaphragm, the decrease in the 
caliber of the intestine, the absence of a 
crowding into the wound of distended loops of 
intestine, all help to maintain adequate visual- 
ization. If the anesthetist is inexperienced, 
open drop ether should be used; if relaxation 
is not satisfactory under these circumstances, 
the surgeon’s responsibility justifies a discon- 
tinuance of the operation and a personal super- 
vision of the administration of the anesthetic 
until the patient has relaxed sufficiently for 
him to continue. 

The transverse or McBurney incision is sat- 
isfactory for removing the majority of acute 
appendices. If rupture of the appendix has 
occurred, this type of incision limits the ma- 
nipulation of the operator so that a minimum 
of peritoneal trauma occurs with a correspond- 
ing limited absorption of bacterial toxins. It 
does, however, have definite disadvantages. 
It encourages blind operating, and if enlarge- 
ment of the wound is necessary, it is not as 
satisfactorily accomplished as with a right rec- 
tus incision. 

The number of diseased appendices visual- 
ized on the opening of the peritoneum is small. 
Frequently, loops of ileum or the cecum itself 
must be displaced before the appendix can be 
seen, and invariably traction on the cecal base 
fails to visualize it. It is at this stage of the 
operation that blind surgery is most likely to 
be instituted. The operator inserts a finger 
and attempts to palpate the appendix or the 
process. Frequently the appendix is hooked 
in the crook of the index finger—if it is adher- 
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ent, attempts at freeing it are made or a for- 
ceps is inserted and the base caught. This 
latter procedure may be safe if the wall of the 
appendix is thick and viable but very danger- 
ous if the appendix is, first, gangrenopurulent 
and distended; second, if the serous coat has 
ruptured and forms part of an abscess wall; 
and, third, if the opening has been sealed with 
fibrinous exudate, intestine, or omentum. An 
idea of how highly virulent the escaped mate- 
rial may be is shown by comparing the mortal- 
ity of this group, 82.86 per cent, with the 
mortality of the localizing, spreading, or ab- 
scess groups, 24.35, 24.06, and 1.2 per cent, 
respectively. The absorbed toxins are not only 
more virulent but greater in amount following 
traumatic rupture than in any of the other in- 


mn 


duced types of peritonitis. If the operator, 
before blindly inserting a finger, will obtain 
adequate exposure of the process by enlarg- 
ing the incision, i.e., by splitting the sheath 
of the rectus and retracting the muscle fibers, 
or by placing a piece of sterile gauze in the 
transverse wound and then making a right 
rectus incision, these catastrophes may be 
avoided. 

An appendix low in the pelvis, or beneath 
the liver or near the spleen—gangrenopuru- 
lent, loaded with antigens—an inexperienced 
anesthetist attempting to obtain relaxation 
with a general anesthetic — a newly-assigned 
interne as an assistant—are more frequently 
problems of the young, than of the experi- 
enced surgeon. Joun O. Bower. 
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SEVERAL MEDICAL-HISTORICAIL FACTS AND ODDITIES 


A. B. LUCKHARDT, M.D., Chicago, Illinois 


HE conduct and manners of the medical 

profession during the greater part of the 

17th and 18th centuries were decidedly 

different and quite, if not highly, ob- 
jectionable to the laity and profession of the 
present day. In A Pook about Doctors Jeaffreson! 
has recorded a considerable amount of material 
concerning the life, manners, dress, customs, fees, 
etc., of the medical worthies of that period being 
certain to “contain no line that 
should render it unfit for the 
drawing room table.” Some of 
the medical worthies of the period 
of Dr. William Harvey” and fol- 
lowing it might be classed most 
charitably as bon-vivants, 
gourmets, or gourmands. The 
great prevalence of gout and 
“stone” as compared with the 
present time is in itself indica- 
tive of the general intemperance 
of the period. However, the point 
of view on such matters as food 
and drink was so different from 
the prevalent conceptions that 
one physician, Dr. Beauford, did 
not refrain from expressing him- 
self, as follows:—“‘temperance 
(was) a vice that hadn’t even 
the recommendation of transient 
pleasure.” (1, p. 97.) 

The following story is told of 
Dr. John Freind (1675-1728): 
“Freind continually visited his  qzine in 1750. 
patients in a state of intoxication. 

To one lady of high rank he came in such a state 
of confusion that when in her room he could only 
grumble to himself, ‘Drunk-drunk-drunk by 
God!’” Fortunately, the fair patient was suffering 

'From the Physiological Laboratory, University of Chicago. 

John Cordy Jeaffreson. A Book About Doctors. London: 


Hurst and Blackett, Successors to Henry Colburn, 1860. 
*See Surg., Gynec. & Obst., 1940, 70: 851-854. 





Fig. 1. Stomach brush described 
and pictured in Gentleman’s Mag- 


from the same malady as her doctor, who (as 
she learned from her maid on returning to con- 
sciousness) had made the above bluff comment 
on her case, and then had gone away. The next 
day, Freind was sitting in a penitent state over 
his tea, debating what apology he should offer 
to his aristocratic patient, when he was relieved 
from his perplexity by the arrival of a note from 
the lady herself enclosing a handsome fee, im- 
ploring her dear Dr. Freind to 
keep her secret, and begging him 
to visit her during the course of 
the day. (1, p. 95.) 7 

Such examples of overindul- 
gence with their direct deleterious 
effects on the stomach were prob- 
ably responsible for the contriv- 
ance, known as the stomach brush 
designed to freshen up the stom- 
ach. It was described and pic- 
tured in the Gentleman’s Maga- 
zine’ (Fig. 1). The following 
text accompanies this cut: 

“Related .... is the executea 
ventriculi or cleanser of the stom- 
ach, as it is called by some of our 
modern physicians; being com- 
posed of soft hair, fastened by 
twisted brass or steel wire into a 
fasciculus, as in the figure annexed 
the handle or stem of which may 
be invested with silk or thread. 
This instrument is recommended 
by several eminent physicians as 
being principally useful to scower 
or cleanse the stomach as well as 
to remove foreign bodies out of the fauces and 
oesophagus. The brush being moistened in some 
convenient liquor, is introduced into the oesoph- 
agus and slowly protruded in the stomach by 
twisting round its wire handle BB. When arrived 
in the stomach it is to be drawn up and down 


3Gentleman’s Magazine, 1750, 20: 597. 
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like a sucker in a syringe. But though this con- 
trivance is greatly extolled and said to prolong 
life to a great age, especially if practiced once 
a weel, month, or fortnight; yet there are but 
very few instances of its happy effects, probably 
because try’d by few.” 


Incarcerated in the Tower of London as a 
political prisoner (traitor), Dr. Freind planned his 
two volume /istory of Medicine’ which is recog- 
nized as a fair presentation, though the author 
attempted too large a field. 

In the second volume of this work occurs a dis- 
cussion of the maneuver of bleeding so common 
from the earliest times in the treatment of diverse 
ailments. This discussion ends with an account 
of the controversy current in medical circles of the 
15th century “about bleeding in the direct or the 
opposite side in a Pleurisy.” The ridiculous 
seriousness of the debate, aside from the doubtful 
therapeutic value of the procedure, is indicated 
by the action of 


“The University of Salamanca (which) took 
part with the Arabians, and made a decree, that 
no one in this case shou’d dare to let blood but in 
the contrary arm; and to add authority to their 
decree, they endeavour’d to procure an edict from 
Charles the Fifth to second it, alledging the other 
method to be of no less ill consequence than that 
of Luther’s heresy.” 


It may be of interest to note that while Dr. 
Freind was in the Tower thinking of such matters 
and his own personal prospects, his friend Dr. 
Richard Mead to whom he subsequently dedi- 
cated his book took care of his (Freind’s) practice. 
On the latter’s release from prison Dr. Mead 
handed over to Freind all fees collected, which 
amounted to the tidy sum of 11,400 guineas 
($58,254) —surely an unusual expression of friend- 
ship and generosity. This Dr. Richard Mead 
(1673-1754), friend of Pope, Halley and Newton, 
was a scholar in contrast to his predecessor 
Radcliffe,” who was a crude and overbearing ‘bon 
vivant’ (to put it very conservatively) with little 
of culture and refinement and whose secret to 
success as told to Mead was to “‘use all mankind 
ill.”” 

1The History of Physick from the Time of Galen to the Beginning of 
the Sixteenth Century Chiefly with Regard to Practice. In a Discourse 
Written to Doctor Mead by J. Freind, M.D., 2 volumes 12 mo. (1st 
Edition, 1725) Third Edition, London, Printed for J. Walthoe over 


against the Royal Exchange in Corohill, 1727. 
2See A. B. Luckhardt, Surg., Gynec. & Obst., 1941, 72: 674-676. 


Among Mead’s several medical essays* there is 
one (p. 329) entitled “A Discourse on the Scurvy” 
in which after giving the symptomatology he 
raises the question of its etiology. Discussing the 
act and significance of external respiration of air 
in the only terms known at the time, he begins to 
relate scurvy in part to the noxious air which 
sailors are of necessity obliged to breathe during 
prolonged voyages. This sea air, he thinks is most 
certainly noxious; for 

“Tn the first place, moisture weakens its spring 
(elasticity); next a combination of foul particles, 
such as are contained in the breath of many per- 
sons crowded together, and some perhaps dis- 
eased; then, the filthiness of water stagnating in 
the bottom of the ship; lastly, salts imbibed from 
the sea, some of which may probably have pro- 
ceeded from putrefied animals in that element, 
may insinuate themselves into the blood and in 
the nature of a ferment, corrupt its whole mass.” 


Mead was not unconscious of the importance of 
the diet for he writes that some scorbutic sailors 
were not only relieved at St. Helena “by the fresh 
odoriferous air” of the island but were perfectly 
recovered “‘by eating the fruits (acidic) we have 
mentioned and living chiefly upon the vegetables 
which kind nature has supplied that place in pro- 
fuse plenty.”’ He had in a previous paragraph 
given evidence of the prophylactic value in sea 
voyages of lemons and oranges. Nevertheless he 
returns in the final paragraphs to the salutary 
effects of the land and in evidence recounts how 
the vapour of “the cold earth itself” contributes 
to the speedy recovery of those stricken with the 
scurvy when he writes: 


“Lord Anson told me that one of his men who 
rowed the boat ashore, was so weak, that he fell 
down at the oar almost dead: when landed, the 
poor man desired his mates that they would cut a 
piece of turf out of the soft ground, and put his 
mouth to the hole: upon doing this, he came to 
himself, and grew afterwards quite well.” 


Of course, the implication is that the terrestrial 
atmosphere was responsible for his recovery rather 
than an antiscorbutic diet and in the final sen- 
tence he expresses the view that a circulation of 
the air aboard ship “even of that which is not so 
wholesome” as helping much “towards the pre- 
vention of the distemper.” 


3The Medical Works of Richard Mead. Edinburgh: Printed for 


Alexander Donaldson and Charles Elliot. 
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HE material in The Réle of the Liver in Surgery 

by Boyce,! consisting of experimental work of 

the author and that of others in similar or allied 
subjects along with clinical aspects related to the 
experimental data, represents a manuscript which 
was awarded the quinquennial Samuel D. Gross Prize 
by the Philadelphia Academy of Surgery in 1940. 
The contents include such subjects as liver deaths, 
hepatorenal syndrome, autolytic peritonitis, tests of 
hepatic function, hemorrhagic diathesis, therapy of 
hepatic insufficiency, and occlusion of the portal 
vein. Throughout the entire book there is evidence 
that the experiments reported have been performed 
with thoroughness and exactness by one well trained 
in this type of work. Although the syndrome of 
“liver death” is not accepted by all, the author has 
presented supporting data and arguments which 
surely would not fail to convince the most skeptical 
reader. The same might be said of the hepatorenal 
syndrome. However, to the reviewer, the data sup- 
porting the assumption that sudden decompression 
of the obstructed biliary tract may lead to serious 
and even fatal consequences was not conclusive; 
perhaps the reviewer was biased by the fact that he 
has not been convinced that he has ever seen an 
instance of “‘toxicity’’ produced by sudden decom- 
pression of an obstructed biliary tract. The various 
theories offered to explain the phenomenon of fatal 
autolytic peritonitis (particularly in animals) is dis- 
cussed in detail, and a very reasonable conclusion 
drawn that the explanation lies in autolysis with 
absorption of the toxic products. Hepatic function 
tests are thoroughly reviewed; the author concludes 
that dye tests, the hippuric acid test, and the bili- 
rubin test are the most sensitive. Attention is very 
aptly called to the fact that hepatic insufficiency may 
occur in patients suffering from diseases other than 
those of the biliary tract. The various tests for de- 
tecting prothrombin deficiency, including the simple 
and apparently effective serum volume index test 
devised by the author, are described. Therapy for 
the jaundiced patient is given in detail. The re- 
viewer agrees wholeheartedly with the author’s con- 
clusion that routine closure of the common duct or 
prolonged drainage for months following chole- 
dochostomy is unwise. Attention is very aptly 
called to the possible danger that closure of the gall- 
bladder fossa by a tight running suture following 
cholecystectomy may result in absorption of auto- 
lytic toxic products resulting from necrosis of strang- 


i1Tue ROLE oF THE LIVER IN SuRGERY. By Frederick Fitzherbert 
Boyce, B.S., M.D. Springfield, Il]., and Baltimore, Md.: Charles C. 
Thomas, 1941. 


NEW BOOKS 


ulated liver tissue. A splendid summary of the 
functions of the liver is included in the appendix. 
The book will be extremely useful and interesting to 
all surgeons working in the abdominal cavity and 
will be a valuable addition to their library. 

WarreEN H. Cote. 


HE volume, The Pharmacological Basis of Thera- 

peutics by Goodman and Gilman,? is a compre 
hensive treatise of the pharmacological actions of 
drugs and of their therapeutic employment. It is 
well documented, without being tediously encyclo- 
pedic, and the authors have not merely cited the 
literature, but have appraised it. It is exceedingly 
well written and has evidently been prepared with 
great care as it is singularly free of the embarrassing 
errors which often occur in first editions. The mate- 
rial is well organized and clearly presented. There is 
an extensive discussion of the sulfonamide drugs, of 
the endocrines and vitamins. This book seems 
destined to take a pre-eminent place in the library 
of the medical student and physician. 

Car A. DRAGSTEDT. 


N the third edition of Extra-Ocular Muscles,’ Dr. 

Peter has made every effort to simplify the sub- 
ject and facilitate the clinical study of normal and 
abnormal ocular motility. Heterophoria, con- 
comitant squint, paralytic squint, conjugate palsies, 
and nystagmus are treated as separate phases of 
disturbed motility, and the underlying principles are 
discussed. The author believes, with Worth and 
others, that fusion develops automatically with ex- 
perience and practice. Early orthoptic training is 
stressed in the management of concomitant squint, 
and a short chapter dealing with the essentials of 
ortnoptic training has been added to the book. 

The chapter on nystagmus has been thoroughly 
revised with the assistance of Dr. Joseph C. Yaskin, 
Professor of Neurology in the Graduate School of 
Medicine, University of Pennsylvania. Especial 
attention has been given to the etiology and classi- 
fication of nystagmus. Based on his conception of 
origin it may be ocular, otologic, or neurologic, and 
for the purpose of description he divides it into ex- 
perimental and spontaneous types. 

This book is to be recommended to all ophthalmol- 
ogists, and Dr. Peter can again be congratulated on 
his outstanding work. IRVING PUNTENNEY. 


2THE PHARMACOLOGICAL Basis OF THERAPEUTICS. By Louis Goodman, 
M.A., M.D., and Alfred Gilman, Ph.D. New York: The Macmillan 
Co., 1941. 

8TueE Extra-OcuLtar Muscies. By Luther C. Peter, A.M., M.D., 
Sc.D., LL.D. 3d ed. Philadelphia: Lea & Febiger, 1941. 
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